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ABSTRACT 

Crohn's disease (CD) is a chronic granulomatous inflammatory 
process which may affect any part of the gastrointestinal tract from 
the mouth to the anus. The incidence of CD is rising at an alarming 
rate, and the disease is associated with significant morbidity and as 
a result of a complex interaction of numerous pathophysiological 
processes, these patients with CD are at risk of developing numerous 
nutrient deficiencies. Unfortunately, little is known of the contri- 
bution of nutrient intake to the development of these known deficien- 
cies; and even less is known of those nutrients which may be consumed 
in abnormal quanitities and which may in time lead to significant de- 
ficiencies. Accordingly, a nutrient assessment was made on 47 cons 
secutive outpatients with CD. Anthropometric measurements, nutrient 
intake, and numerous hematological and biochemical tests were made on 
24 females (F) and 23 males (M) with CD. The mean age of the CD 
patients was 31 and 32 years for males and females, respectively. 
Two-thirds of the patients had ileocolitis. The mean Crohn's Disease 
Activity Index (CDAI) was 46 in males and 118 in females. Relative 
body weight (RBW) was very similar in the males and females being 102% 
and 100%, respectively. Arm muscle circumference (AMC) was 95% of the 
standard in males and 98% of the standard AMC in females, with 25% of 
both males and females having a reduced AMC. The mean percent of 
Standard triceps skinfold (TSF) was 120% in males, with 1/3 having a 
reduced TSF and 95% of the standard in females, with 1/2 having a 
reduced TSF. 

A detailed assessment of over 20 nutrients was obtained using the 
48-hour dietary recall method. The mean nutrient intake of males was 
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less than the recommended dietary allowance (RDA) for vitamin Be and 


folate, and in females was less than the RDA for vitamin B folate, 


6? 
iron, calcium, and vitamin D. However, there was a wide range of 
intakes within each nutrient. Accordingly, the adequacy of intake was 
calculated according to the full RDA, 2/3 RDA, 1/2 RDA, and 1/3 RDA. 
Fifty percent or fewer of the male CD patients consumed the full RDA 
for energy (49%), vitamin A (48%), vitamin Be (13%), and folate (0%), 
while 50% or fewer of the female patients consumed the full RDA of 
energy (33%), calcium (38%), iron (17%), vitamin A (50%), pantothenic 
acid (38%), vitamin Be (13%), folate (8%), vitamin Bi (502%), and 
vitamin D (30%). Per 1000 kcal, males consumed significantly less 
vitamin A and folate than did females. The consumption of food groups 
by the CD patients was compared to that of Nutrition Canada, and it 
was found that the CD group consumed about 70% more fruit than did 
Nutrition Canada participants. 

One-third or more of the men had values less than the lower limit 
of the reference value for total lymphocyte count (TLC) (50%), trans- 
ferrin saturation (50%), serum iron (67%), serum carotene (382%), and 
serum folate (37%). One-third or more of the women had low values for 
TLC (55%), serum iron (60%), transferrin saturation (68%), and serum 
folate (50%). 

Highly significant (p < 0.01) correlations were found between 
serum folate and each of dietary folate (0.59), vitamin C (0.52), 
vitamin Bi (0.58) and vitamin Be (0.47) in females only. 

A highly significant (p < 0.000) correlation was found between 
RBW and AMC in both male (0.76) and female (0.77) patients. In fe- 


males, only, the correlations between the following pairs were also 
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significant (p < 0.01): RBW vs TSF (0.63), RBW vs TLC (0.48) and AMC 
Vs TLG1(0 .66) 

Patients were grouped according to energy intake less than the 
RDA, equal to the RDA, or greater than the RDA in order to determine 
the value of energy intake in predicting the occurrence of low bio- 
chemical and/or anthropometric parameters. However, energy intake 
appeared to be of little predictive value, as the incidence of ab- 
normal parameters was approximately equal in all categories. When 
patients were grouped according to RBW greater than 90% or less than 
90%, female CD patients with less than 90% RBW had a higher incidence 
of abnormal TSF, AMC, TLC, and total iron binding capacity. 

The CDAI was correlated in males with energy (-0.38), serum 
albumin (-0.64), and duration of disease (0.57), and in females with 
hemoglobin (-0.45) and serum ferritin (0.60). 

Thus, in the female CD patient, serum folate and relative body 
weight can be used to identify the CD patient at possible risk of nu- 
tritional deficiency and in need of nutritional counselling. 

In conclusion, reduced nutrient intake is common in patients with 
CD, and these patients should receive a full nutritional assessment 


and individualized dietary counselling. 
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2 INTRODUCTION 

Crohn's disease, first identified and described in 1932 by Crohn, 
Ginzberg, and Oppenheimer was once a rarity. However, several epi- 
demiological studies have shown that it is increasing at an alarming 
rate. In the U.S., Miller et al observed a five-fold increase in the 
incidence of Crohn's disease (CD) during a 14 year period (Miller et 
al 1974), and in Sweden, Brahme et al noted a two-fold increase from 
one eight year period to the next during 1958-1973 (Brahme et al 
1975). 

Described as a chronic, progressive, granulomatous disorder, CD 
can occur anywhere in the gastrointestinal tract from mouth to anus. 
It is characterized by skip lesions, tendency to fistulae formation, 
and high incidence of recurrence after surgery. The etiology of CD is 
unknown, though attempts to establish an etiology have centered on 
genetic factors, psychogenic factors, transmissible agents, and 
immunological factors. 

Nutritional disturbance is a common complication of Crohn's dis- 
ease. The spectrum of reported nutrient deficiencies in CD ranges 
from vitamin A (Russell et al 1973) to zinc (McClain et al 1980), 
while symptoms of deficiencies range from mild symptoms such as low 
serum folate (Dyer et al 1972) or low leucocyte ascorbate concentra- 
tions (Hughes and Williams 1978) to severe symptoms such as scurvy 
(Linaker 1979) or metabolic bone disease (von Westarp et al 1978). 
Suggested mechanisms for these nutrient deficiencies include decreased 
intake, absorption, and/or utilization; increased loss and/or require- 


ment. However, because nutrient intake is often unknown, the mecha- 
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nisms are sometimes speculative and the role of dietary intake in the 
nutrition deficiencies of CD remains undefined. Logically, then, a 
knowledge of dietary intake, as well as biochemical status is neces- 
sary to enable health professionals to establish the etiology of nu- 
trient deficiencies in CD. Thus an investigative study of the dietary 
intake of CD patients was conducted with the following objectives: 
1. To describe the nutrient intake of CD patients 
2. To compare the nutrient intake of CD patients with that of 
Nutrition Canada and the Recommended Dietary Allowance 
3. To identify the nutrients for which CD patients are at risk 
of consuming less-than-adequate amounts 
4. To examine the relationship between dietary intake, anthropo- 
metric measurements, and biochemical parameters 
5. To select factors which could identify the CD patient at risk 
of nutritional deficiency and in need of nutritional counsel- 
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2. LITERATURE REVIEW 


2.1 Standard Group 

2-1.l Discussion of Nutrition Canada 

Like the present study, Nutrition Canada (NC) attempted to assess 
nutritional status of Canadians by clinical evidence, anthropometric 
measurements, biochemical determinations, and dietary intake, and, 
therefore, would seem to be an appropriate Standard Group for compari- 
son of nutrient intake with gastrointestinal patients. Whenever pos- 
sible, comparison of the CD group was made to the Prairie population 
of the NC survey. 

In the survey, biochemical and clinical parameters were categor- 
ized into three risk groups (high, low, moderate), indicating the 
probability that malnutrition exists or will develop. Similarly, 
dietary intakes for each nutrient were categorized into three groups. 
Adequate levels of intake were defined as those amounts of a particu- 
lar nutrient providing a desirable margin of safety; less-than- 
adequate levels, above the minimum requirement, but below the desir- 
able amount; and inadequate levels, an amount below the minimum re- 
quirement. The “adequate” classification corresponds closely to the 
recommended daily nutrient intake of the Canadian Dietary Standards 
(Canada, Department of National Health and Welfare, 1975) and the 
Recommended Dietary Allowances (National Research Council, Washington, 
D.C., 1980) (See 2.1.2 for further discussion of Recommended Dietary 


Allowances). 
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The results of the NC survey indicated the following nutritional 


problems in adults over 20 years of age: 


(i) 


(ii) 


(iii) 


(iv) 


(v) 


(vi) 


Fifty percent or more of adults were overweight, despite 
the fact that there was very little difference in caloric 
intake between those of normal and above normal weight. 
Ten to 13% of men and 14 to 34% of women had serum cho- 
lesterol levels that placed them in the high risk cate- 
gories. 

In the over 65 years group, total serum protein levels 
indicated that 6% of men and 9% of women were at moderate 
and high risk. However, protein intakes indicated an 
even higher risk, as 27% of men and almost 38% of women 
had intakes of less-than-adequate or inadequate. 

Poor dietary intakes of iron were indicated in 15-35% of 
men and 56-76% of women. Low values for hemoglobin, mean 
corpuscular hemoglobin concentration, and 4 transferrin 
saturation classified 6-18 % of men and 7-31% of women at 
risk of iron deficiency. 

Serum folate levels were strikingly low, indicating a 
moderate to high risk of developing folate deficiency in 
about 60% of both men and women. Dietary folate was not 
calculated at that time, due to the dearth of information 
regarding the folate content of foods. 

About 20% of women ioe found to have inadequate calcium 
intakes. Serum calcium concentrations were found to be 


in the normal range, though this is to be expected since 
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serum calcium levels do not drop until very late in 
calcium deficiency. 

(vii) Vitamin A intake was generally satisfactory in the popu- 
lation, but did become increasingly inadequate with age, 
though serum retinol levels were near or within the 
normal range in the general population. 

(viii) Although vitamin C intakes were adequate, serum values 
for vitamin C indicated that 26% of adults were at high 
to moderate risk of vitamin C deficiency. 

(ix) Thiamin intakes in relation to energy intakes indicated 
that 50% of women and 40% of men had less-than-adequate 
intakes. Urinary thiamin levels showed that over 20% of 
men and 10% of women were at risk of developing thiamin 
deficiency. 

(x) Riboflavin intakes were marginal, especially among women, 
but urinary riboflavin levels were normal for all adults. 

(xi) Moderate thyroid enlargement, particularly in women, was 
observed in clinical assessment by physicians. However, 
this finding was not interpreted to indicate iodine de- 
ficiency, as urinary iodine values were within acceptable 
limits. 

From the foregoing results, it is obvious that even in the 

general population there is some evidence for nutritional deficiency 
and/or risk of nutritional deficiency and this should be kept in mind 


when considering the nutritional status of other groups. 
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In comparing the results of the CD study to that of the NC sur- 
vey, it should be recognized that there are certain limitations which 
require a brief discussion. 

Firstly, we are comparing the intake of a diseased group to that 
of a healthy group. However, increased nutrient requirement of the CD 
group has not been quantified and, indeed, for some nutrients an in- 
creased requirement is only speculative. Thus, at present, it is 
necessary to work within the limitation of comparing nutrient intake 
of CD patients to that of a healthy group. 

Statistical comparison between any group and NC was not possible 
due to the manner in which the NC results were published. This was 
particularly limiting in comparing the intake of food groups. 

It should be remembered that the NC survey commenced nine years 
prior to the present study. Due to a variety of factors such as 
increased food costs and health awareness, the potential for somewhat 
different food habits of Canadians now, as compared to nine years ago, 
is an important consideration. 

There are several inconsistencies related to the biochemical 
interpretive standards and results of NC which require discussion. 
For example, a low serum folate concentration was reported in 604 of 
NC participants, though folate deficiency is rare in the Canadian 
population (Thompson and Hoppner 1979). The interpretive standards 
used by NC for some of the biochemical tests, including serum folate, 
are rather high by today's standards. Indeed, it has been recognized 
that in view of today's lower limit of normal serum folate concentra- 


tion in healthy individuals, a considerably smaller proportion of 
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Canadians would be classified at risk of developing folate deficiency 
(Thompson and Hoppner 1979). 

The report that more than twice as many women as men had high 
serum cholesterol concentrations is surprising and inconsistent with 
the current literature. For example, the well-known Framingham Study 
(U.S. Public Health Service, 1968) reports that serum cholesterol 
levels are high in more men than women, which is consistent with 
results of several other North American studies of heart disease. 

The biochemical results relating to iron status indicated that as 
many as 20% of Canadian males were at risk of developing iron defici- 
ency- In clinical practice, however, iron deficiency in males is 
quite rare, and when present, is almost invariably symptomatic of 
disease. 

Finally, the reason for moderate thyroid enlargement, particular- 
ly in the Prairies, was not understood at the time of publication of 
the results of NC, particularly since urinary iodine values ranged 
from normal to high. However, re-examination of the data revealed 
that a change in the system of recording goiter, which was implemented 
during the course of the survey, had not been incorporated into the 
processing for the NC survey (Murray 1977). Thus, the prevalence of 
goiter is much lower than previously reported, and the incidence of 
goiter in the Prairie provinces is similar to that in other regions of 
Canada. 

2.1.2 Recommended Dietary Allowances 

Recommended dietary allowances (RDA) 1980 were used as a standard 


for comparison in the present study. However, the methods by which 
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the data were derived and the limitations of the RDA should be kept in 
mind. RDA are defined (page 1, RDA 1980) as, 

"the levels of intake of essential nutrients considered, in 

the judgement of the Committee on Dietary Allowances of the 

Food and Nutrition Board on the basis of available scienti- 

fic knowledge, to be adequate to meet the known nutritional 

needs of practically all healthy persons” 

The recommendations are actually estimates of nutrient require- 
ments which are based on a number of criteria including: nutrient 
intake of a normal, healthy population; biochemical measurements, 
nutrient balance studies; the amount of a nutrient required to correct 
deficiency symptoms; and/or extrapolation from animal studies. The 
estimates of nutrient requirements derived by use of one or more of 
these techniques are then increased to exceed the requirements of the 
majority of individuals within the population. In recommending that 
level of a nutrient which will meet the needs of nearly all healthy 
individuals, it would, undoubtedly, be more scientifically valid to 
determine the nutrient requirements of a sample of individuals within 
the population, the average nutrient requirement, and the variability 
within that sample. While this method has been used for the estima- 
tion of some nutrient requirements of the adult, the inherent prac- 
tical limitations and ethical implications make this kind of experi- 
mentation difficult. Thus, though the RDA is valid for groups within 
a population, the nutrient requirements of individuals are generally 
unknown and the RDA may exceed the nutrient intakes which many indivi- 
duals require. Therefore, in an individual who consumes less than the 
RDA, a deficiency may not occur, but with low intakes over a period of 


time, the risk of developing a nutrient deficiency increases. In 
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addition, the body can adapt somewhat to lower levels of nutrient 
intakes. For example, a decrease in basal metabolic rate accompanies 
starvation and the percentage of a nutrient such as calcium absorbed 
from the gut lumen increases with lower levels of intake (Harper et al 
1979). Finally, it must be stressed that the RDA apply to healthy 
populations and do not cover increased requirements due to the use of 


medication or chronic disease such as CD. 


2.2 Methods to Assess Dietary Intake 

There is no ideal method for assessment of dietary intakes and 
each method has its own advantages and disadvantages. In deciding 
which method to use, the purpose of the study must be clearly defined. 

pew a Food Records 

A record of food intake can be kept by each subject for a speci- 
fied period of from 1-7 days. The intake may simply be recorded, or 
weighed and recorded. While this method eliminates error due to 
memory, as may occur in the recall method, it does require greater 
cooperation on the part of the subject. Thus, it may introduce a bias 
against the less-motivated, poorly-educated, and low-intelligence 
people. It has been shown that as the length of the food record 
increases, the accuracy of recording decreases (Gersovitz et al 1978). 
In addition, with an increasing number of meals being eaten away from 
home, weighing food intakes may not be feasible. 

The 7-day food record is assumed to be more representative, and 
therefore more valid than the 24-hour recall. However, in a group of 


non-institutionalized elderly subjects eating at a congregate centre, 
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Gersovitz et al (1978) found the 24-hour diet recall to be as accurate 
as the 7-day diet record, as determined by the paired t-test. More- 
over, Young et al (1952) state that for groups of 50 or more where a 
10% error would be acceptable, the 24-hour recall provides a conveni- 
ent substitute for the 7-day record. Indeed, Marr (1971) reports 
greater than a 10% error with only a four-day record. When classi- 
fying the range of individual intakes into thirds, Marr found that not 
more than 1% would be grossly misclassified (i.e. actually in the top 
third, but classified in the bottom third and vice versa), but that 
only 80% would be correctly classified, when compared to their actual 
intakes. Thus, validity of fae technique remains a concern. More- 
over, it has been suggested that individuals may alter their food 
habits to fit their preconceived notion of what they should consume 
(Gersovitz et al 1978). 

2 eats 2 Twenty-four Hour Recall 

The validity and reliability of the 24-hour recall have been 
frequently questioned (Balogh et al 1971, Beaton et al 19/79) with 
regard to whether or not the individual can accurately remember what 
he ate and whether one day's intake is actually representative of an 
individual's habitual intake. Balogh et al (1971) showed that four 
recalls were necessary if in half the population, the mean caloric 
intake could be recorded as within + 20% of the true mean. For other 
nutrients, the number of 24-hour recalls required was much higher. 
However, Hunt et al (1979) found very little difference in nutrient 
intake between 5 dietary recalls, with the exception of vitamin A. 


This difference in vitamin A is not surprising, as vitamin A is con- 
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centrated in relatively few foods, and day-to-day intake varies con- 
siderably. Other workers have reported a day-to-day variation in 
nutrient intake with the 24-hour recall, as well as a strong sex 
difference (Beaton et al 1979, Yudkin 1951). Beaton and co-workers 
found that women ate more on Sunday than on weekdays. However, both 
this day-to-day effect and the sex difference in absolute nutrient 
intake disappeared when expressed as nutrient concentration. Further- 
more, the fact that men and women ate different quantities of food 
provides a strong basis for statistical analysis by sex. Two recent 
researchers attempting to elucidate the accuracy and limitations of 
the 24-hour recall have shown similar findings (Gersovitz et al 1978, 
Madden et al 1976). Both studies surveyed the intake of non-institu- 
tionalized elderly subjects eating at a congregate centre. To test 
internal validity, the 24-hour recalled intake was compared with the 
actual intake of nutrients. Im the paired t-test, no significant 
differences were found between mean recalled intake and mean actual 
intake, with the exception of energy and protein in Madden's and 
Gersovitz's studies, respectively. In both of these former studies, 
regression analysis demonstrated the "flat-slope syndrome", in which 
recalled intakes tend to overestimate intakes below the mean and 
underestimate those above the mean. Thus the 24-hour recall would 
seldom indicate a difference where none exists. For group comparison, 
however, there is a danger of false negative, that is, failing to 
detect an actual difference between groups. 

Thus, for large groups, the 24-hour recall is the most practical 


because of its wide applicability to population groups, regardless of 
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age, education, and intelligence. Because an interview generally 
takes only about one hour, this method attains a high participation 
rate. Moreover, bias of intake by the patient is often avoided if 
there is no prior knowledge of the interview. It was the method 
chosen for both the Ten-State Nutrition Survey (1969-70) and the 
Nutrition Canada Survey (1970-72). 

The 48-hour recall, an extrapolation of the 24-hour recall has 
been used by at least one other group of researchers (Smith and Gee 
1979). It was suggested that this method minimizes the error due to 
day-to-day variation in nutrient intake and obtains a more representa- 
tive intake, while not taxing the memory much more than the 24-hour 
recall. However, research has not been conducted to confirm whether 
the 48-hour recall is more representative than one 24-hour intake, or 
indeed, two 24-hour intakes. 

The recall method was the method chosen in the present study for 
assessment of dietary intake, partly because of the size of the group. 
Although the CD group totalled only 47, it was selected from a larger 
group of 154 gastrointestinal outpatients, all of whom had assessments 
of dietary intake. Another consideration was that by using the recall 
method, nutrient intake could be assessed by means of a one-hour in- 
terview at the time of the patient's visit to the clinic. Thus, par- 
ticipation rate was essentially 100%. Moreover, the patient had no 
prior knowledge of the interview, and therefore, could not change his 
food intake to comply with his preconceived idea of a "good diet". 

The 48-hour recall was chosen over the 24-hour recall, partly to 


achieve some representation from both weekends and weekdays. Also, 
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since some patients were from out-of-town and travelled as much as a 
full day prior to the clinic visit, food intake during the preceding 
24 hours might not be representative of their usual intake. 

232.3 Food Frequency 

Frequency of consumption of various food groups is sometimes used 
to assess the quality of diet. Because this method does not define 
portions, it is only an estimate, and as such, is useful to describe 
the eating habits of a population, but cannot be used to predict 
nutrient intakes. Hunt et al (1979) compared results of a food fre- 
quency questionnaire with mean nutrient intakes from 5, 24-hour re- 
calls. These two methods gave similar mean estimates of carbohydrate 
and calorie intake, but the data on other nutrients were from 6-88% 
greater with the food frequency questionnaire. While the food fre- 
quency method may not be useful in estimating the nutrient intake of 
an individual, it may serve as a useful adjunct to other methods, and 
if used to supplement a 24-hour recall, would partly overcome the 
common criticism that the 24-hour recalled intake may not represent a 
typical day's intake. However, like other methods, this method does 
depend on the recollective skills of the subject. 

2234 Dietary History 

This method, first described by Burke in 1947, attempts to estab- 
lish the “usual consumption” of a subject by interview. Like the 24- 
hour recall and food frequency methods, it depends heavily upon the 
memory and cooperation of the subject. Being relatively time- 
consuming, as well, renders this method unsuitable for a large number 


of subjects. Many researchers feel that the diet history tends to 
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overestimate intakes (Young et al 1952). However, this may depend on 
the relative weight of a subject, as another researcher found that fat 
people claim to eat less than thin people (Lincoln 1972). The most 
limiting aspect of this method, however, is the degree of training 
required to obtain repeatable results. Indeed, Burke (1947) estimated 
that even qualified nutritionists would require several months train- 
ing to accurately estimate an individual's habitual intake by the 


dietary history method. 


2.3 Use of Laboratory Parameters for Assessment of Nutritional Status 


Laboratory indices are indicators of body metabolism at a given 
point in time, and as such provide the biochemical basis necessary for 
objective assessment of nutritional status. 

Laboratory measurements used to evaluate nutritional status 
include: levels in blood and urine, abnormal metabolic products in 
blood or urine, alterations in activities of certain blood enzymes, 
metabolites in urine, and saturation or load tests. However, it is 
important to recognize that there are certain limitations to all bio- 
chemical measurements, and the following points should be kept in 
mind. Firstly, urinary excretion levels vary more than plasma levels 
and, therefore, are less definitive (Christakis 1973). Biological 
levels fluctuate from time to time, giving rise to a variation within 
individuals and between individuals, which may be within normal 
“limits”. Moreover, variations in biochemical measurements of some 
nutrients exist between sex, age, and race. Although the “limits” 


themselves, which are selected as cut-off points for certain degrees 
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of risk of deficiency are based on current, scientific knowledge, such 
knowledge is never complete in the scientific sense. Thus, decisions 
regarding critical levels will be somewhat arbitrary. Finally, it 
must be remembered that the finding of an abnormal biochemical test 
does not define the mechanism of nutrient deficiency, and the altered 
nutritional state may be due to a primary deficiency or may be secon- 
dary to pathological conditions or a deficiency of a metabolically- 
related nutrient. This section (2.3) will discuss the use of labora- 
tory parameters in normal individuals, while the pathogenesis of nu- 
tritional deficiency in CD will be discussed in a later section (2.6). 

fs die 1 Folate 

Significant reserves of body folate are contained in the liver: 
5-10 ng/g wet liver (Sauberlich et al 1974). Studies indicate that 
serum folate levels correlate reasonably well with liver biopsy and, 
therefore, that serum folate levels do provide an indication of body 
stores (Leevy et al 1965). However, though serum folate is an easy, 
early, and sensitive measurement, it is thought to indicate recent 
dietary intake, while red cell folate is considered to reflect long 
term tissue folate stores. In considering the biochemical and hemato- 
logical changes that take place during dietary deprivation of folate 
(Herbert 1962) one notes that low serum folate levels occur as early 
as 22 days after folate deprivation. Low red cell folate levels occur 
after approximately 123 days, indicating folate deficiency at the time 
of erythrocyte formation, some four months previous, and megaloblastic 
anemia occurs shortly thereafter at about 134 days. However, a low 


red cell folate does not distinguish between megaloblastic anemia due 
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to folate deficiency or vitamin Bi deficiency. Because vitamin B,5 


is a cofactor in the synthesis of methionine from homocysteine, in 


which folate functions to transfer the methyl group, a vitamin Bio 


deficiency traps folate in the methyltetrahydrofolate form (Herbert 
and Zalusky 1962). This may result in low red cell folate, but ele- 
vated or normal serum folate (Herbert 1967). However, a low serum 
folate, in addition to a low red cell folate provides strong evidence 
of a primary folate deficiency. 


Peevey Vitamin Bi 


Vitamin Bio is widely distributed in animal products and a prima- 


ry deficiency is rare. Even in strict vegetarians who eat no animal 


protein, vitamin B deficiency takes 10-20 years to develop due to 


bz 


enterohepatic circulation of vitamin B and slow loss of body stores 


2 
(Herbert 1968). However, a deficiency can be measured by serum Bio 
levels, which have been associated with low body vitamin Bi (Boddy 


and Adams 1972). 


For reasons explained in 2.3.1, if vitamin B,, deficiency is 


12 
suspected, it is essential to rule out folate deficiency. In folate 
deficiency, serum Bio levels may be low, but are generally still 
higher than in patients with pernicious anemia or a mixed deficiency. 
Both a low serum folate and a low red cell folate would be suggestive 


of folate deficiency or a mixed deficiency. If a vitamin By defi- 


2 
ciency is thought to exist, the Schilling's test can indicate whether 
the deficiency is due to impaired absorption, bacterial metabolism, or 


dietary deficiency. In the Schilling's test, if absorption is normal 


when vitamin Bi> is given without intrinsic factor, then the defi- 
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ciency is dietary. If absorption is not normal, then testing with 
intrinsic factor will indicate whether malabsorption is due to lack of 
intrinsic factor or other reasons, such as bacterial metabolism of 
vitamin Bio ileitis, or ileal resection. In addition, incomplete 
urine collection could give false negative results. Comparison with 
urinary creatinine will serve as a check for complete urine collec- 
tion. 


DSTA Iron 


There are many tests for predicting the presence of iron defi- 
ciency, and the best results are obtained by using more than one mea- 
surement, since an iron deficiency can be caused by a number of nutri- 
tional and non-nutritional factors. 

Hematocrit is useful in suspecting the diagnosis of iron defi- 
ciency, but is not conclusive, as deficiencies of folate, vitamin Bio 
and vitamin Be can also cause decreased hematocrit values (Sauberlich 
1979). Measurement of hemoglobin gives a more direct measurement of 
anemia. However, hemoglobin falls in megaloblastic anemia as well as 
iron deficiency, and can vary according to sex, age, and nonnutrition-— 
al diseases, especially those involving blood loss and inflammation. 
The measurement of both serum iron and the 4% saturation of transferrin 
will give more clinical significance. Low serum iron, increased total 
iron binding capacity (TIBC), and a low % saturation of transferrin 
indicate iron deficiency. However, in hemorrhage or hemolysis, serum 
iron might remain low for some time after iron supplementation or 


blood transfusion (Munro and Linder 1978). Furthermore, abnormalities 


in the former biochemical parameters occur as frequently in CD 
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patients with anemia due to chronic disease as in CD patients with 
iron-deficiency anemia (Dyer et al 1972, Thomson et al 1978). Thus, 
hematocrit, hemoglobin, serum iron, TIBC, and % transferrin saturation 
are unreliable in the diagnosis of iron deficiency in CD patients. 

Body iron stores are reflected by bone marrow hemosiderin, though 
measurement is subjective and semiquantitative. Serum ferritin has 
been shown to correlate closely with hemosiderin, and to have a high 
predictive value in detecting IBD patients with iron deficiency 
(Thomson et al 1978). Low serum ferritin is generally associated with 
iron-depleted stores, but false high ferritin levels can occur with 
rapid turnover of cells, liver disease (Eastham et al 1976), inflam- 
mation, hemolysis secondary to SAS therapy (Thomson et al 1978), 
Hodgkins disease and other malignancies (Jones et al 1973), fever 
(Elin et al 1977), and rheumatoid arthritis (Bentley and Williams 
2974 Di 

2.3.4 Vitamin A 

Total vitamin A activity is determined mainly by its two forms in 
foods: preformed retinol and the pro-vitamin B-carotene. Excess 
vitamin A is stored in the liver as retinol (Hume and Krebs 1949) and 
thus measurement of liver retinol is a direct measure of vitamin A 
reserves. However, as liver biopsy is impractical for routine use, 
serum levels of retinol and carotene are used, which have been shown 
to be related to dietary intake of these nutrients (Patwardhan 1969). 

Interpretation of the significance of the measurement of serum 
retinol, however, is complicated by the uncertainty of the magnitude 


of hepatic reserves (Hodges and Kolder 1971). When dietary intake of 
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vitamin A is inadequate, the stored retinol in the liver is mobilized 
to maintain serum retinol concentrations. Generally, however, this 
level is somewhat lower than the range of 45-65 ug/dl observed in 
adults with adequate intakes of vitamin A (Hume and Krebs 1949, 
Sauberlich et al 1974). However, when prolonged low intakes draw upon 
the liver reserve, a considerably lower serum retinol level (less than 
20 ug/dl) indicates depleted or depleting liver stores as well as a 
low dietary intake. This relationship was shown in experimental vita- 
min A deficiency of adult men (Hodges and Kolder 1971). A daily in- 
take of 75 ug of retinol in vitamin A depleted men resulted in serum 
retinol less than 10 ug/dl, being indicative of depleted liver re- 
sources. When the dietary intake was increased to 300 ug, the serum 
retinol level rose only slightly to 19 ug/dl, indicating that intake 
of vitamin A was still inadequate and that liver stores of vitamin A 
were probably not being repleted. However, at a vitamin A intake of 
2400 ug/day, the serum retinol rose to 60 ug/dl, indicating adequacy 
of vitamin A intake and probable repletion of liver vitamin A. Skin 
lesions associated with vitamin A deficiency disappeared and serum 
retinol levels increased with an intake of 600 ug/day retinol, further 
supporting the relationship between dietary and serum retinol, and 
serum retinol and hepatic stores. However, serum retinol can also be 
reduced in febrile state, chronic inflammation, and liver disease 
(Sauberlich et al 1974), all of which can occur in CD. 

Serum carotene is considered to reflect recent dietary carotene 
intake (Patwardhan 1969) and is used as an initial screening test for 


malabsorption. However, a low serum carotene concentration should be 
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interpreted with caution. For one thing, a low serum carotene could 
simply indicate a low carotene consumption. Moreover, in Patwardhan's 
study, about 60-100% of the vitamin A consumption was said to come 
from the precursor forms, while in Canada considerably less of the 
vitamin A (32%) comes from carotenoids (Dietary Standard for Canada 
1975). Also, the main site of B-carotene conversion to retinol is the 
intestinal mucosa and the percentage of B-carotene that is absorbed 
unchanged varies from 1./-46.9% (Blomstrand and Werner 1967, Goodman 
et al 1966). Thus, a low serum carotene could merely reflect an 
increased efficiency of conversion of B-carotene to retinol. Yet, 
this does not explain why retinol and carotenoid levels in serum have 
been shown to be related to one another and serum retinol is related 
to total vitamin A activity (Patwardhan 1969). Furthermore, in 
diseases characterized by fat malabsorption, such as celiac sprue 
(Moore 1960) and cystic fibrosis (Underwood and Denning 1972), both 
low serum carotene and low serum retinol are found. Yet in adults 
with cystic fibrosis, there was no correlation between stool fat and 
serum carotene concentrations (Brown et al, unpublished observations 
1980). However, since serum retinol levels are maintained for some 
months by hepatic stores, if malabsorption of fats and fat-soluble 
nutrients is suspected from low serum carotene, it can be confirmed by 
other tests, such as fecal fat determination. 

2.3.5  Protein-Calorie Malnutrition 

Protein and calorie malnutrition often occur together, since a 


reduction in calories almost invariably involves a reduction in 
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protein. Furthermore, when calorie supply is inadequate, protein is 
used for energy. 

Evidence of dietary protein-calorie deficiency can be found in 
both anthropometric and biochemical measurements and when taken 
together can be very useful, diagnostically (also discussed in 2.4). 

In assessment of almost 400 patients, Blackburn and Bistrian (in 
Schneider et al, Nutritional Support of Medical Practice, 1977) have 
identified three common types of PCM. These include visceral attri- 
tion state, adult marasmus or cachexia, and intermediate state, each 
of which is characterized by various anthropometric and biochemical 
parameters. 

Visceral attrition is an acute state, which occurs in well- 
nourished or even over-nourished patients whose intake is largely 
carbohydrate. The classic example is the hospital patient receiving 
dextrose infusion. The insulin produced due to the dextrose and 
catabolic stress reduces the release of amino acids from the muscle. 
Thus serum albumin and transferrin are depressed, indicating decreased 
availability of amino acids for protein synthesis, though anthropomet-— 
ric measurements may be preserved due to rapid onset. A study of mal- 
nutrition in surgical patients more than one week after surgery, found 
depressed plasma transferrin and albumin levels in 73% and 522, re- 
spectively (Hill et al 1977b). Depressed lymphocyte counts are gener- 
ally associated with reduced serum transferrin and albumin levels 
(Bistrian 1975, Young and Hill 1978), and are considered to indicate 


protein malnutrition. 
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Adult marasmus or cachexia indicates chronic inadequate ingestion 
of both calories and protein. Because there is a supply of protein, 
even though it may be minimal, serum transferrin and albumin are 
preserved until quite late in a deficiency. Anthropometric measure- 
ments decrease as lean and fat tissue are sacrificed for preservation 
of visceral proteins. 

The above states are, to a greater or lesser extent, indicative 
of primary PCM. However, they are not always so easily discernable, 
and may overlap with the intermediate state, which can occur in moder- 
ate to severe stress of major surgery, trauma or heart failure. In 
the patient who is already somewhat depleted, the additional insult of 
major surgery can rapidly produce visceral protein attrition, as well 
as depleted anthropometric measurements. Thus, it is difficult to 
separate the effects of catabolic stress from those of PCM. 

Decreased serum protein may also occur as a result of decreased 
protein synthesis, carcinoma, infection, or increased losses as in 
hemorrhage, exudates through fistulae, diseases of the kidney and 
skin, or protein-losing enteropathy (Ravel 1969). Moreover, trans-— 
ferrin levels are increased in iron deficiency, and thus could mask 
low transferrin levels due to PCM. 

Nutritional depletion often results in decreased immunocompetence 
in the malnourished individual. Depressed cellular immunity (as 
measured by the Candida skin test and DNCB) and decreased lymphocyte 
counts have been associated with PCM in adults (Bistrian 1975). Skin 
tests assess the cell-mediated function in vivo, by observing the 


body's reaction to injected antigens. However, like all clinical 
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tests, there are multiple limitations to the skin test. Anergy can 
result from conditions such as infection, liver disease, uremia, 
immunotherapy, and malignancy. Even in healthy individuals, the 
immune mechanism may not function optimally at all times. As well as 
PCM, a low concentration of zinc or vitamin A could also result in a 
negative skin test (Sauberlich et al 1979). 

Urinary constituents can be used to assess protein status. 
Creatinine excretion corresponds to lean tissue mass (Arroyave and 
Wilson 1961), and thus can be used to assess metabolically active 
tissue by means of the creatinine height index (CHI). CHI is defined 
as the 24-hour urinary creatinine excretion divided by the expected 
24-hour urinary creatinine excretion of a normal male and female of 
the same height (Scrimshaw et al 1972). The obvious limitation is 
that it requires a 24-hour urine collection. Moreover, accurate 
timing is essential, as even a 15 minute error in voiding time over a 
24-hour collection period will result in a 1% error (Forbes and 
Bruining 1976). While it does not distinguish protein deficiency due 
to malnutrition, from other causes of protein deficiency, CHI is a 
sensitive indicator of inadequacy, and thus may be an earlier indi- 
cator of PCM than some other measurements. 

2-3.6 Vitamin C 

Vitamin C is not stored in appreciable amounts in body tissue, 
and, therefore, biochemical determination of serum vitamin C is a 
measure of tissue saturation, which reflects recent dietary intake 
(Hodges et al 1971). A decrease in dietary intake of vitamin C will 


be rapidly reflected in serum ascorbate concentration. Hodges et al 
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(1971) reported that with a diet free of vitamin C, serum ascorbate 
levels fell to one-half of the initial concentration within 10 days, 
and low levels within 40 days, with symptoms of scurvy occurring 
shortly thereafter in most patients. Although serum ascorbate levels 
are related to leucocyte ascorbate levels (Sauberlich et al 1974), the 
latter measurement is considered to be a better reflection of tissue 
stores of vitamin C (Burns 1975), while the former measurement is 
thought to be more closely related to recent dietary intake (Hodges et 
al 1971). In vitamin C deprivation, leucocyte ascorbate levels fall 
more slowly and are not pronounced until clinical manifestation of 
scurvy (Herman et al 19/76). Thus, while a depressed level of leuco- 
cyte ascorbic acid may be indicative of long-term dietary deficiency, 
it is not a very sensitive test. 

2.3.7  Calcium/Vitamin D 

About 99% of body calcium is in the skeleton, with the remaining 
1% distributed in the serum and other body fluids (Harper et al 1979). 
Although skeletal calcium as measured by bone biopsy, hand x-ray, bone 
densitometry, and other measurements is a reflection of long-term 
calcium nutriture, serum calcium is closely regulated by homeostatic 
mechanisms. Thus, inadequate dietary intake of calcium will not be 
reflected by changes in serum calcium (DeLuca 1977), as serum calcium 
will be maintained at the expense of skeletal calcium. Low serum 
calcium concentrations do occur in hypoparathyroidism, renal disease 
(Harper et al 1979), hypomagnesia (Gerlach et al 1970), hypoprotein- 
emia (Schneider et al 1977), and disease characterized by malabsorp- 


tion (Hahn et al 1979). 
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Urinary calcium excretion remains relatively constant for a given 
individual, regardless of intake, but varies widely between individu- 
als. As well, increased urinary excretion of calcium occurs with 
increased protein intake (Allen et al 1979a), making it an impractical 
choice for assessment of dietary calcium intake. 

Most of the dietary calcium (70-90%, Harper et al 1979) is ex- 
creted in the feces and is positively correlated with calcium intake. 
Therefore, the measurement of fecal calcium can be used to assess mal- 
absorption. However, due to variation in fecal flow, fecal calcium 
can be incorrectly estimated, particularly without the use of a fecal 
marker (Allen et al 1979b). Furthermore, in gastrointestinal diseases 
such as CD, where protein-losing enteropathy is known to occur (Beeken 
et al 1972), it is possible that endogenous calcium loss, as well, 
could contribute to fecal calcium, thus leading to an overestimation 
of calcium malabsorption. 

Vitamin D, under the control of parathyroid hormone, is a major 
factor in control of calcium metabolism (DeLuca 1977). Thus, calcium 
deficiency can also occur secondary to vitamin D deficiency. For 
example, in two studies of osteomalacia (Hahn et al 1979, Pittet et al 
1979), though calcium intakes were similar in osteomalacia patients 
and controls, vitamin D intake and/or exposure to sunlight differed 
and serum vitamin D levels were significantly lower in patients. It 
should be noted that serum vitamin D is not necessarily related to 
vitamin D intake, since exposure to sunlight as well as dietary vita- 
min D will affect serum vitamin D activity, and there will be some 


seasonal variation in serum vitamin D due to variation in hours of 
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daylight (Stamp and Round 1974). Serum vitamin D levels are also 


reduced in hypoparathyroidism, renal disease (DeLuca 1977), and liver 


disease. 


2.4 Use of Anthropometric Measurements for Assessment of Nutritional 

Status 

Anthropometric measurements have been widely used, for some time, 
in assessment of nutritional status of the community (Jelliffe 1966). 
While no single tool can characterize nutritional status, anthropomet- 
ric measurements provide sensitive indices of both present and chang- 
ing states of muscle mass and body fat. Being both practical and 
easily interpreted, anthropometric measurements are valuable comple- 
ments to dietary information and are part of the nutritional status 
profile for many nutritional assessment programs (Bistrian et al 1974, 
Blackburn et al 1977). 

2.4.1 Rationale for Use of Anthropometric Measurements 

Height is the most basic of the anthropometric measurements, as 
it is used to determine ideal body weight, basal energy expenditure, 
and CHI. Body weight, while a useful tool, is a composite measure of 
its various tissue components: fat, skeletal muscle, skin and skele- 
ton, viscera, plasma protein, and extracellular skeleton (Blackburn et 
al 1977). A change in body weight does not reflect a change in indi- 
vidual tissues, and, therefore, cannot detect abnormalities in body 
composition that often accompany disease, such as depletion of muscle 
mass and changes in fluid retention (Moore et al 1963, Ryan et al 


1957). Ina study of 13 hospitalized men (Ryan et al 1957), 9 men 
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with muscle wasting disease had a higher percentage of body fat than 
healthy controls, even though their percent of standard weight was 78% 
as compared to 96% in controls. Lean body mass was dramatically de- 
creased in these 9 patients. In the remaining 4 thyrotoxicosis pa- 
tients who were at 81% of their standard weight, % body fat was even 
greater than in the muscle-wasted patients. They had a marked loss of 
body cell mass which was partly masked by increased retention of ex- 
tracellular fluid. Thus, it is clear that there is a need to measure 
body fat and muscle mass separately. 

2.4.2 Measurement of Body Fat 

There is a wide variety of procedures which can be used to mea- 
sure body fat, including: cadaver analysis, densitometry, total body 
water, gaseous uptake of fat-soluble gases, we counting, and radio- 
logical anthropometry. However, the need for a practical and rapid 
method to regularly assess caloric reserve eliminates the above 
methods. The technique of relating skinfold thickness to body fat was 
first described by Matiegka in 1921 and has since been the subject of 
extensive investigation. An investigation of 19 subjects at 55 sites 
showed a correlation of 0.82 between actual measurement of subcutane- 
ous fat by surgical incision and measurement of skinfold (Fry 1961). 
In another study, the measurement of the outer fat shadow on roent- 
genograms was highly correlated with skinfold measurements of the 
lower thoracic site (0.85-0.88, Garn 1962). As well, the sum of the 
biceps, triceps, subscapular, and suprailiac skinfold correlate highly 
with body density, being 0.835 in men and 0.778 in women (Durnin and 


Rahaman 1967). 
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From the above investigations, it can be seen that skinfold mea- 
surements are a valid measure of body fat stores. In nutritional 


asessment, the TSF is generally used because it is the most practical 


(Jelliffe 1966). 


2.5 Pathogenesis of Nutritional Deficiencies in Crohn's Disease 

In examining the pathogenesis of nutritional deficiencies in CD, 
it is important to realize that all nutrient deficiencies result from 
one or more of five basic causes, summarized on the next page: in- 
adequate ingestion, absorption, or utilization; and increased require- 


ment or excretion (Herbert 1973). 
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Summary of Causes of Nutrient Deficiencies in CD 


Mechanism 
Inadequate 


Ingestion 


Inadequate 


Absorption 


Inadequate 


Utilization 


Increased 


Requirement 


Increased 


Excretion 


Cause 


Self-induced, iatrogenic, lactase deficiency 


Reduced intestinal length, decreased enterohepatic 
circulation, bacterial overgrowth, drug therapy, 
intestinal atrophy, secondary to other nutrient 


deficiencies 


Secondary to other nutrient deficiencies, 


cholestyramine 


Drug therapy, oral contraceptive agents, increased 


hematopoiesis, inflammatory response 


Impaired enterohepatic circulation, protein-losing 
enteropathy, drainage through fistulae and ileo- 


stomies, cholestyramine, diarrhea. 


The cause that should be considered first and foremost in nutri- 


tional deficiency is inadequate dietary intake. During illness, a 


spontaneous reduction in food intake may occur due to anorexia, or 


pain and diarrhea, associated with eating. Over the long term, pa- 


tients may selectively eliminate certain food groups due to their 
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misconceptions about low-residue diets. If fruits and vegetables are 
eliminated, there is a danger of inadequate intake of vitamin C, 
folate, fiber and possibly vitamin A. Furthermore, physicians may in- 
advertently encourage deficiencies by prescribing a low residue diet, 
which is now known to be unncessary from a patho-physiological point 
of view, except where there is a tendency to repeated small intestinal 
obstruction (Heaton et al 19/79). lLactase deficiency, either primary 
or secondary to altered mucosal integrity, can occur in Crohn's dis- 
ease. Elimination of diary products will result in reduced intake of 
calcium, riboflavin, and possibly protein and vitamin D, unless appro- 
priate dietary changes and supplements are effected. 

A most obvious source of inadequate absorption in IBD is loss of 
intestinal length through resection. While the majority of nutrient 
absorption takes place from the small bowel, Smith and Balfour (1972) 
state that resection of one-third of the small bowel is still compati- 
ble with normal nutrition. Resection beyond this results in decreased 
absorption of all nutrients, known as “short-bowel syndrome”, and 
poses a threat to general nutriture. Indeed, weight loss in the pres- 
ence of high caloric intake, may well indicate malabsorption (Dawson 
1972). “Short-bowel syndrome" is identified as one of the causes of 
mineral deficiencies such as magnesium and zinc (Sitrin et al 1980). 

Absorption of iron is impaired by upper intestinal disease 
(Brooke et al 1977), as is folate (Hoffbrand et al 1968). With ileal 
involvement, selective malabsorption of bile acids and vitamin Bi 
occurs. Unabsorbed bile salts pass into the colon where they block 


water and electrolyte absorption (Brooke et al 1977), further adding 
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to the risk of depletion of magnesium, zinc, sodium, potassium, and 
water. In addition, bile salts may alter colonic permeability and 
allow absorption of oxalate; a partial explanation for the hyperoxal- 
uria that is seen as a complication of Crohn's disease (Earnest 1977). 
Continuous excretion of bile acids will ultimately lead to depletion 
of the bile acid pool and interruption of the enterohepatic circula- 
tion, with ensuing malabsorption of fats and fat-soluble vitamins. 
Malabsorption of vitamin D interferes with absorption and utilization 
of calcium. Unabsorbed fatty acids bind calcium and form insoluble 
soaps in the intestinal lumen, further aggravating calcium malabsorp- 
tion. The solubility theory of hyperoxaluria suggests that as less 
calcium is available for formation of Ca oxalate, free oxalate forms 
soluble complexes with other salts and is increasingly absorbed 
(Earnest et al 1974). Not only has a positive correlation been shown 
by Earnest et al (1974) between steatorrhea and hyperoxaluria, but de- 
creased dietary oxalate or increased dietary calcium both result in 
decreased urinary oxalate. Since the ileum is also the site of vita- 


min B absorption, it comes as no surprise that vitamin B 


12 absorp- 


TZ 
tion is inversely correlated to length of ileum resected (Dyer et al 
1972). However, vitamin Bi> deficiency also occurs in patients whose 
disease is not limited to the ileum (Filipsson et al 1978). If there 
is gastric involvement, lack of intrinsic factor will contribute to 
malabsorption of vitamin Bio» as well; a factor of some importance 
since the incidence of peptic ulceration in Crohn's disease is from 


10-20% (Cooke 1975, Kagnoff 1979). Moreover, a primary vitamin Bio or 


folate deficiency can produce partial intestinal and/or stomach 
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atrophy, leading to intestinal malabsorption and generating a vicious 


circle of primary and secondary vitamin B,, deficiency if left un- 


12 
treated (Herbert 1973). A secondary folate deficiency may occur by 
this same mechanism or due to zinc deficiency (see 2.6.2). Other 


factors causing decreased absorption of vitamin B,, include pancreatic 


12 
insufficiency and tying up of ionic calcium as insoluble soaps 
(Herbert 1973). 

The presence of fistulae, blind loops and strictures may lead to 


bacterial overgrowth with vitamin B 9 greedy bacteria making even less 


1 


vitamin Bio available for absorption (Brooke et al 1977). Bacterial 
synthesis of some nutrients, such as folate, may actually be in- 
creased, though the extent of this synthesis is unknown. Other ef- 
fects of bacterial overgrowth include decreased synthesis of vitamin K 
(Brooke et al 1977) and deconjugation of bile acids (Farivar et al 
1980). 

The two major drugs used to treat IBD, salazopyrine and predni- 
sone, have been shown to affect nutrient absorption. Salazopyrine 
affects folate absorption and utilization by competitive inhibition in 
the intestine and elsewhere (Dhar et al 1976), while prednisone af- 
fects calcium absorption through its antagonistic effect on vitamin D 
(Avioli et al 1968, see 2.7.1). Absorption of vitamin Bi is reduced 
by cholestyramine (see 2.7.4). 

Decreased utilization secondary to other nutrient deficiencies is 
known to be one cause of folate deficiency. Both vitamin Bio and 


vitamin C are necessary for folate utilization, as described more 


fully in sections 2.3.1 and 2.6.4. respectively. Cholestyramine binds 
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bile acids in the gut lumen, preventing their utilization and absorp- 
tion, and increasing excretion (see 2.7.4). 

Prednisone appears to increase the requirement for protein, vita- 
min C, vitamin Be» and possibly zinc (see 2.7.1). Salazopyrine in- 
duces mild hemolysis and thus places an additional demand on all he- 
matopoietic nutrients (see 2.7.2). Moreover, hematopoiesis increases 
the demand for all nutrients through increased body metabolic rate 
(Herbert, 1973). Likewise, in CD there is a chronic inflammatory 
response and increased cell turnover (Brooke et al 19/7). However, 
whether or not this response causes an increased demand for nutrients 
is theoretical. 

The nutritional status of IBD patients receiving drug therapy, 
who are also using oral contraceptive agents (OCA) demands additional 
attention. Biochemical evidence of poor folate, vitamin Be» vitamin 
Bio vitamin C, riboflavin, thiamin, and zinc status has been found in 
OCA users (see 2.7.3). 

Increased excretion of nutrients, particularly water and electro- 
lytes occurs through fistulae and ileostomies. Additional protein 
excretion from the ulcerated gut contributes to protein deficiency 
(Beeken et al 1972). The presence of unabsorbed bile acids in the 
colon induces secretion of water and electrolytes (Earnest 1977). 
Moreover, diarrhea, from a variety of causes, is a feature in at least 
70% of IBD patients (Kagnoff 11979). Regardless of the cause, pro- 
longed excretion from the gastrointestinal tract results in sodium, 
potassium, magnesium, and zinc depletion (Sitrin et al 1980, Cooke 


1975, Brooke et al 1977) and dehydration. 
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In addition to the many mechanisms already mentioned for folate 
and vitamin Bi> deficiency, increased biliary loss may also interfere 


with enterohepatic circulation of folate and vitamin B Both folate 


Te 
and vitamin Bio are excreted in bile and have a daily circulation of 
100 ug and 0.5-5 ug, respectively (Herbert 1968). 

Chronic iron loss occurs as slow, continual blood loss from 
ulceration (Brooke et al 19/77), and is probably related to severity of 
disease (Dyer and Dawson 1973). Additional iron may be excreted if 


cholestyramine is used, as it has been shown to bind iron (Thomas et 


al 1971). 


2.6 Nutritional Deficiencies in Crohn's Disease 

2.6.1 Anemia 

Anemia is one of the most common and widespread nutritional 
abnormalities of CD and has been associated with deficiencies of iron, 
folate, and vitamin Bio (Dyer et al 1972, Hoffbrand et al 1968, 
Thomson et al 1978). For example, in hospitalized CD patients, Dyer 
et al (1972) found 79% of males and 54% of females to be anemic. In 
addition, low levels of various hematopoietic parameters were found in 
the following percentage of patients: serum iron (65%), total iron 
binding capacity (TIBC) (22%), serum Bio (16%), serum folate (652%), 
and red cell folate (35%). Bone marrow aspirations for hemosiderin 
showed 39% of CD patients to be iron deficient. Megaloblastic anemia 
was found in 39% of patients, with approximately 1/3 attributed to 


vitamin Bio deficiency and 2/3 to folate deficiency. 
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2.6.2 Folate 

Folate deficiency in CD is frequent and well-documented (Dyer et 
al 1972, Elsborg and Larsen 1979, Hoffbrand et al 1968). In one study 
(Hoffbrand et al 1968), serum folate levels less than 2.0 ng/ml were 
found in 28% of patients. Serum folate values were related to the 
severity of the illness, as were red cell values. Formiminoglutamic 
acid (FIGLU) excretion was similarly associated with severity of 
disease. Haematological changes attributable to folate deficiency 
included macrocytosis, hypersegmented polymorphs, and megaloblastic 
Marrow, and were observed more frequently in severely-ill patients. 
Vitamin Bi> was excluded as a cause of deficiency in all but one 
patient. 

An attempt was made to assess the causes of folate deficiency. 
Folate absorption, as determined by a standard oral dose of folic acid 
(40 ug/kg body weight) was subnormal in 4/16 patients. Three of the 
four had jejunal and/or duodenal involvement, while the remaining 
patient had CD of the terminal ileum. Thus, as most of the patients 
had ileal involvement, folate deficiency in jejunal involvement was 
concluded to be related to malabsorption. 

Dietary folate was assessed in 12 patients and was above the 50 
ug daily minimum (Herbert 1962) in the 7 mildly-ill patients. Four of 
them had normal folate absorption, though there was biochemical and 
hematological evidence of folate deficiency. On the other hand, the 
intake of all 5 severely-ill patients was less than 50 ug. From this, 
Hoffbrand et al concluded that inadequate intake appeared to be the 


major contributory factor to folate deficiency in the severely ill, 
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but that neither inadequate intake, nor decreased absorption were 
major factors in the mildly-ill patients. However, it must be pointed 
out that the dietary standard of 50 ug/day free folate is the minimum 
daily requirement to prevent symptoms of folate deficiency in a 
healthy adult (Herbert 1962). This figure does not allow for varia- 
tion in individual requirement, nor does it contain additional allow- 
ances as may be required in illness. Only one patient had an intake 
equal to the recommended dietary allowance (RDA) of 200 ug free fo- 
late. Thus, the possibility of inadequate ingestion of dietary folate 
appears to be understated in the study by Hoffbrand and co-workers. 
Similarly, Dyer et al (1972) found biochemical evidence sugges-— 
tive of folate deficiency in CD, with serum folate levels less than 
3.0 ng/ml in 44% of patients and red-cell folate less than 160 ng/ml 
in 35%. Twenty-four percent of the patients had megaloblastic changes 
attributable to folate deficiency. What were the suggested mechanisms 
for folate deficiency in this study? Folate deficiency was not more 
severe or more frequent in patients with disease restricted to the 
jejunum, which eliminates malabsorption as a cause of folate deficien- 
cy in these CD patients. This conclusion is in contrast to that of 
Hoffbrand and co-workers (1968), though conclusions in the 1968 study 
were based on abnormal folate absorption in those patients with 
jejunal involvement. Moreover, xylose absorption from the jejunum was 
almost invariably normal in Dyer and Dawson's (1973) patients with 
jejunal involvement. Dyer and co-workers (1972) also found that the 
mean values of red-cell and serum folate concentrations decreased with 


more severe disease and speculated that increased requirement and 
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utilization of folate were the cause of folate deficiency, though 
increased loss and/or decreased food intake could just as well be the 
cause of increased folate deficiency associated with severe disease. 
Though decreased intake was suggested as a cause of folate deficiency, 
unrelated to severity of disease, Dyer and co-workers did not give any 
evidence that folate intake was reduced in their CD patients. 

Elsborg and Larsen's findings (1979) of low serum and erythrocyte 
folate levels in 54% and 27%, respectively, of CD patients are similar 
to the findings of Hoffbrand et al (1968) and Dyer et al (1972). 
Slight megaloblastic changes were found in about 14% of all patients. 
Unlike the former studies (Dyer et al 1972, Hoffbrand et al 1968), 
however, there was no significant correlation between folate values 
and disease severity. However, the criteria for judging disease 
activity varied from study to study and emphasizes the need for use of 
a standardized activity index. Similar to Hoffbrand and co-worker's 
results, 21% of the patients in Elsborg and Larsen's group were found 
to malabsorb folate, though this malabsorption was not related to 
disease site, nor to maintenance dose (1-3 g/day) of SAS. Though it 
has been suggested that SAS therapy decreases folate absorption (Dhar 
et al 1976), other researchers have not substantiated this finding 
(Gerson and Cohen 1976, see 2.7.2). However, recent work by Lucas et 
al (1978) suggests that folate malabsorption could be due to a defi- 
cient acid microclimate, which alters the amount of weak acid avail- 
able for non-ionic diffusion. This theory is strengthened by the 
finding that experimental alkalinization of the jejunum has been shown 


to decrease the intestinal absorption of folate and that pancreatic 
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insufficient patients had a higher folate absorption than did controls 
(Russell et al 1979). 

The association of greater folate depletion with higher doses of 
SAS suggested that increased cell turnover due to mild hemolysis could 
be partly responsible for the folate deficiency (Das et al 1973). 

As in the study by Hoffbrand et al (1968), only a small number of 
patients were consuming less than the 50 ug minimum daily requirement 
(Elsborg and Larsen 1979), but none consumed the RDA (1980) of 200 ug 
free folate. Thus, less-than-adequate intakes were likely contribut- 
ing to the folate deficiency observed in these CD patients, though 
there was no correlation between food folate and serum or erythrocyte 
folate. 

Folate deficiency can also occur secondary to other nutrient 


deficiencies (including vitamin B (Herbert 1973), vitamin C (Gerson 


12 
and Fabry 1974), and possibly zinc deficiency (Tamura et al 1978)). 
While vitamin Bi> deficiency was cited as a cause of folate deficiency 
in two patients in the preceding studies (Dyer et al 1972, Hoffbrand 
et al 1968), examination of other nutrients was not considered in any 
of the former studies. 

2.6.3 Iron 

Iron deficiency has been widely described in CD (Bartels et al 
1978, Dyer et al 1972, Thomson et al 1978) and much discussion has 
revolved around the validity of various laboratory parameters in the 
diagnosis of iron deficiency. The traditional method for assessing 


body iron stores is the estimation of stainable bone marrow hemo- 


siderin. There is remarkable agreement in the literature as to the 
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finding of absent bone marrow iron in CD patients: Thomson et al 25%, 
Bartels et al 29%, Dyer et al 39%. All of the researchers reported 
that abnormalities of serum iron, TIBC and percent saturation of 
transferrin occurred in iron deficient patients, but that these abnor- 
malities occurred with equal frequency in those patients with anemia 
due to chronic inflammatory disease. Thus, serum ferritin, which has 
been shown to correlate with bone marrow iron in healthy individuals 
(Lipschitz et al 1974) was examined for its diagnostic efficacy in 
iron deficiency. Bartels et al (1978) reported a high correlation 
(0.94) between serum ferritin and body iron stores. Similarly, 
Thomson et al (1978) found that serum ferritin below 18 ng/ml and 
above 55 ng/ml had an excellent specificity and predictive value, but 
a low sensitivity and predictive error. However, the uncertainties of 
serum ferritin concentrations in the 18-55 ng/ml range in chronic in- 
flammation and febrile illness have been reported by other workers as 
well (Bentley and Williams 1974, Jones et al 1973). It was speculated 
by Thomson et al that the sources of the increased ferritin could in- 
clude the inflamed intestine, mild hemolysis secondary to SAS therapy, 
or a reticuloendothelial response to chronic inflammation, though lack 
of correlation between serum ferritin and each of disease activity, 
SAS therapy, and serum iron suggested that these explanations did not 
apply to all patients. 

In attempting to explain the mechanism of iron deficiency in CD, 
Bartels et al (1978) examined iron absorption in 31 CD patients. As 
determined from both whole body counting and red cell Oe Fe incorpora- 


tion following oral administration of 7zreeis with a small carrier 
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dose, iron absorption was found to be normal in CD patients as com- 
pared to controls. Though there was a wide range of absorption, the 
magnitude of absorption was not related to disease activity, disease 
site, serum albumin, or hemoglobin. This suggested that iron defi- 
ciency was not due to malabsorption or increased loss. Yet, the 
presence of iron deficiency was somewhat of a paradox, as these pa- 
tients were receiving oral iron medication, though the amount of the 
supplement was not reported. It is possible that patients were taking 
the supplements irregularily, or, alternatively, if the supplemental 
dose were small, a reduction in food intake could decrease iron 
stores. Furthermore, patients frequently take medication with meals 
and it has been shown that certain foods reduce iron absorption while 
other foods, especially those containing vitamin C, increase iron ab- 
sorption (Rossander et al 1979). Moreover, recent findings of scurvy 
(Linaker 1979) and low leucocyte ascorbic acid levels in CD patients 
(Hughes and Williams 1978), raise the possibility that vitamin C 
deficiency could be contributing to iron deficiency in CD. 

2-6.4 Vitamin C 

In patients who adopt a low-residue diet, either self-imposed or 
physician-prescribed, the danger of nutrient deficiencies is very 
real. Restriction of fresh fruit and vegetables, specifically, can 
result in vitamin C deficiency. Ascorbic acid deficiencies, as deter- 
mined by serum ascorbate and leucocyte ascorbate levels have been 
noted in CD (Gerson and Fabry 1974, Hughes and Williams 1978, Linaker 


1979). 
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It was first reported by Gerson and Fabry (1974) that ascorbate 
concentrations in blood and ileal tissue were lower in CD patients 
than in controls. This was thought to be particularly significant, 
and it was suggested that the characteristic fistulae formation and 
poor wound healing in CD could be related to incomplete formation of 
collagen, which requires vitamin C. 

Hughes and Williams (1978) compared leucocyte ascorbic acid (LAA) 
levels in 19 CD patients (161 noah ok WBC) to that™of controls (233 
met /10° WBC) and found a significant difference, though patients were 
still well above the safe antiscorbutic level of 85 nitoty toe WBC. Of 
the four patients consuming less than 30 mg of vitamin C, two had a 
LAA levels of less than the safe antiscorbutic level. A significant 
but low correlation (0.30) was found between LAA levels and dietary 
vitamin C. However, there was no relationship between LAA levels and 
surgery or drugs (SAS or azathioprine). 

In another group of ten CD patients (Linaker 1979), the mean LAA 
level was 93 pmotyi0" WBC as compared to 226 RAST L0e WBC in the con- 
trol group. Scurvy was noted in one patient whose LAA level was 25 
pmoty/ioe WBC, and upon assessment was found to be consuming less than 
10 mg ascorbic acid per day. This patient is a classic example of one 
who had been on a self-imposed low residue diet because of abdominal 
cramps. Five of the patients had intakes of 30 mg or less, and of 
these, four had LAA levels below the safe antiscorbutic level. How- 
ever, there was no significant difference in mean dietary intake 


between controls and patients. 
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Thus, low LAA levels in CD patients were associated with de- 
creased vitamin C intake (Hughes and Williams 1978, Linaker 1979), but 
the mean vitamin C intake in CD patients was not lower than that of 
controls. This suggests that some aspect of the disease itself im- 
posed upon a less than adequate intake was responsible for the sub- 
clinical vitamin C deficiency observed in CD patients. 

Results of the above studies have implications for folate defi- 
ciency. Firstly, since vitamin C and folate are common to many of the 
same foods, a deficiency in one implies a concomittant deficiency in 
the other. Secondly, it is known that ascorbic acid prevents the 
irreversible oxidation of tetrahydrofolate to 10-formyl folic acid, 
thus removing it from the metabolic pool (Stokes et al 1975). It is 
not surprising then, that folate deficiency, as evidenced by megalo- 
blastic anemia, does in fact occur in scurvy (Zalusky and Herbert 
1961). However, the scorbutic patient in Linaker's study had a normal 
serum and red cell folate concentration. Though only one patient in 
the previous studies was reported to have scurvy (Linaker 1979), it is 
quite possible that subclinical ascorbic acid deficiency may be con- 
tributing to folate deficiency, particularly in view of low LAA levels 
in some CD patients. 

2.6.5 Fiber 

It is well known that over the last century, consumption of 
dietary fiber in North America has decreased, while consumption of 
refined carbohydrate has increased (Trowell 1976). This dietary 
alteration has been implicated in the pathogenesis of several preva- 


lent disease states such as diverticular disease (Painter et al 1972), 
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cancer of the colon and rectum (Burkitt 1969), gout, ischemic heart 
disease (Trowell 1976), gallstones (Trowell 1976, Burkitt 1973), 
hiatal hernia, hemorrhoids (Burkitt 1973), and diabetes (Kiehm et al 
1976). However, the basis for the suggestion that decreased fiber 
intake is involved in the etiology of these diseases is based on the 
observation that such diseases (including CD) are almost unknown in 
countries where dietary fiber intake is high. There are no published 
reports in the literature to suggest that dietary fiber manipulation 
can cause any of the above disease states in humans. However, there 
is growing evidence to show that fiber consumption in CD may differ 
from that of controls, and that consumption of refined sugars is 
substantially greater in CD patients than in controls (Kasper and 
Sommer 1979, Martini and Brandes 1976, Mayberry et al 1980, Thornton 
eteal 1979); 

Two reports on dietary fiber intake in CD were published in 1979 
(Kasper and Sommer 1979, Thornton et al 1979). Kasper and Sommer re- 
ported that CD patients ate more dietary fiber (DF) than did controls, 
while Thornton et al reported that CD patients consumed slightly less 
DF than did controls. However, the CD patients in the former study 
consumed significantly more energy than did controls, and when DF was 
expressed per 1000 kcal the difference between CD patients and con- 
trols disappeared. Thus, the observed increase in fiber intake by CD 
patients was due the amount of food consumed, and when expressed per 
1000 kcal, the DF consumption of CD patients and controls is the same. 
Both of the previous studies observed an alteration in fruit/vegetable 


consumption. Kasper and Sommer found that CD patients ate considerab- 
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ly less raw fruit and vegetables than did controls. There was no sig- 
nificant difference in cereal consumption (Kasper and Sommer 1979), 
including cornflake consumption (Thornton et al 1979) between CD pa- 
tients and controls. Thus, a previous report of higher cornflake con- 
sumption at breakfast by CD patients (James 1977) was not confirmed. 
Martini and Brandes (1976) were the first to report that CD 
patients ate significantly more refined sugar than controls, both 
before and after diagnosis of CD. However, this work was criticized 
for two reasons. Firstly, the average duration of the disease was 4- 
1/2 years and it is questionable whether or not patients could accu- 
rately remember dietary habits this long. However, mean sugar con- 
sumption remained higher in CD patients than in controls in post- 
diagnosis diet (166 g vs 74 g) as well as in pre-diagnosis diet (177 g 
vs 74 g). Secondly, the dietary method was criticized, as dietary 
intake was assessed by means of a postal questionnaire. However, two 
subsequent studies using the dietary history method (Thornton et al 
1979) and the seven-day recall method (Kasper and Sommer 1979) con- 
firmed Martini and Brande's finding of a significantly higher sugar 
consumption in CD patients. Refined sugar intake in CD patients 
compared to controls was reported to be 122 g vs 65 g (Thornton et al 
1979) and 156 g vs 91 g (Kasper and Sommer 1979). Mayberry et al 
(1980) found that in addition to eating more refined sugar than con- 
trols, CD patients also ate more sugar than ulcerative colitis pa- 
tients. However, he used the same (postal questionnaire) method for 
assessing dietary intake as Martini and Brandes (1976). Furthermore, 


his sugar consumption data were based on the quantity of sugar added 
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to beverages and cereals and, therefore, would be biased in favor of 
those consuming more beverages and cereals. Although the methodology 
of this study is suspect, the results do concur with the results of 
previous studies: increased sugar consumption is characteristic of 
the pre-diagnostic as well as the post-diagnostic diet of CD patients. 
Alterations in the diet for no apparent reason suggest aberrations in 
taste acuity. Impaired detection of sucrose has been reported in 
zinc-deficient CD patients (McClain et al 1980, Solomons et al 1977). 
Since several other characteristics of zinc deficiency also occur in 
CD patients, this leads one to wonder whether the observed increased 
sugar consumption in CD patients could be a compensatory response to 
the decreased taste acuity observed in zinc-deficient CD patients. If 
this were so, then a disproportionate consumption of sugars could 
signal a subclinical zinc deficiency. 

Some authors have suggested that the dietary differences dis- 
cussed above have etiological implications for CD. It has been postu- 
lated that habitual, excessive sugar consumption could alter the in- 
testinal flora and milieu of the intestinal lumen, such that the 
mucosa may be damaged (Martini and Brandes 1976) or that the growth of 
an infective agent may be promoted (Thornton et al 1979). Unqualified 
acceptance of this theory is about as simplistic as the “reduced- 
fiber, increased disease" theory. While an association has been re- 
ported between increased refined sugar intake and CD, the experimental 


basis for suggesting refined sugar as a causal agent in CD is lacking. 


er 


-bagibsy” Pe as aa Fehon ——- ah xjowts 5 if 


Las iteah yoqey ants 2. Sam 
‘ Sut) 
wal qpivcat: ak altho eo 


_ sii ee 


+ - 7 i 
x ‘ 
= hy 
4 
Fovr? senid of Dili ,e¥ecogens , bh ei fe7ea 
j 
r ; Fy eirortean bap 2e78 5% ft stne 
‘ ow CW. Tn 2a = ev ,tte . on ; rc. e 
ja0> 22) coltedes(os less S20! z 
a ' 
4 i a gett Jack ofa i, Lido - ‘ 
{ 
ms 
ateds tasshue Ley Ine tégea on tu? a of 
u 
3CO}..7URr tf) Voc) 334 R. Sadr 
H , t vo @ gy” iad ri one | 
af he ifs 31 98 5 ee ee On 
1 
‘” boy IQ Sd *4090rW innow? vf sno send 
=e, 
: P 
sak ( _— ¥e ad blitow..23¢nenzes 45. ak 
1s) ifr thay) oan 6 Lf Ue Stas, BY -/ lw 
am | = 
ae | lkh,.- a Ex fit! Dey iasee ¥25WS $ 
bare fied 
7a ig 20 UOT Qhveates s7aiet mage west & ae 
' 7 
Ss - Oe Beep a | a 16. hohe 
\ + My 
‘ tt L So ¥y féth. att senuet Jfagoue SVS 
jh; Py 7 = 
oe ry ae =n7 20Gac! BAe jel B6i164 le 


eve. J 
he tee : — 


_ 


sft gaala Sivo> sods abgacs aque S07) datos 


#3 Jed? dong “oe Teabgasggt Sa - — ae ets 
wit Jett jo (Eye baer ve ‘ts sine) bopnaab.o 
ae 
' = 2 
pny \e\k) Deis roancoutt Sew a ad o anege 8 


a7 


taeda 


se le) Steet an ei ae ontt: S08. 6 ; 


aor’: 7 
eee , 


a ee 


46 


2.6.6  Protein/Protein-Calorie Malnutrition 

Early speculation was that hypoproteinemia in CD was due to de- 
creased synthesis of protein. However, Steinfeld et al (1960) showed 
that hepatic synthesis of protein was actually greater than normal in 
CD patients and, while absorption of protein was somewhat decreased, 
it was not substantial enough to account for the observed hypopro- 
teinemia. Steinfeld et al thus speculated that this hypoproteinemia 
was due to increased protein loss from the gut. Other investigators 
(Beeken et al 1972, Warshaw et al 1973) later confirmed Steinfeld and 
co-workers' speculation of protein-losing enteropathy (PLE) in pa- 
tients with CD. Using ee albumin or ee chloride, Beeken et al 
showed that 70% of their patients with CD had excessive protein clear- 
ance, with maximal values reaching 15 times normal. However, serum 
protein levels were low in only eight patients. Thus, protein loss is 
far more extensive than suggested by serum protein levels. It is 
possible that increased hepatic synthesis of protein in CD patients is 
maintaining serum protein levels within normal in some patients, des- 
pite excessive loss. Though protein loss correlated poorly with the 


location of disease and malabsorption of xylose, vitamin B 2» OF fat, 


1 
it was highly correlated with the length of the diseased intestine. 
In contrast, the PLE in studies by Warshaw et al (1973) occurred in a 
patient with a comparatively short length (50 cm) of diseased intes- 
tine. It was also suggested that bacterial overgrowth was contribut- 
ing to protein loss. The presence of fat malabsorption, perhaps 


caused by bile acid deconjugation in the presence of bacterial over- 


growth, strengthened the suggestion of bacterial overgrowth. 
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There are few surveys which describe the incidence of protein 
malnutrition in inflammatory bowel disease (IBD) patients (Hill et al 
1977a). However, one would expect that protein malnutrition would be 
highest in active disease where food intake may be low, in extensive 
disease where PLE may be high, and post-surgically when catabolic 
stress increases protein requirement. In 1977, Hill et al compared 
the incidence of protein malnutrition in various categories of IBD: 
ileostomy, remission, elective surgery, acute attack, urgent surgery, 
and post-surgical complications. They found that parameters indica- 
tive of poor protein status were usually associated with active 
disease: compared to controls and the other groups, IBD patients re- 
quiring urgent surgery had low values of plasma albumin, transferrin, 
pre-albumin, hemoglobin, and greater weight loss. Patients who 
developed major complications after surgery had even lower values for 
the above parameters, and also had a lower arm muscle circumference 
than any other group. It is difficult to separate the effects of 
catabolic stress from those of protein-calorie malnutrition (PCM) in 
this group which closely resembles the intermediate state described by 
Blackburn and Bistrian (2.3.5). Increased amounts of protein and 
energy have been used in total parenteral nutrition (TPN) and enteral 
nutrition to decrease symptoms of PCM in CD patients, both presurgi- 
cally and post-surgically (Elson et al 1980, Goode et al 1976, Harford 
and Fazio 1978, Kirschner et al 1981, Milewski and Irving 1980, Voitk 
et al 1973). Harford and Fazio used TPN as primary or adjunctive 
therapy in CD patients and reported an average weight gain of 9.5 


pounds and an average increase in albumin of 0.49 g/dl. Elson et al 
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(1980) also reported weight gain, positive nitrogen balance and a 
similar increase in serum albumin in IBD patients with TPN. Though 
TPN is almost invariably associated with improvements in protein 
status, such improvements are not exclusive to TPN, and similar im- 
provements are noted with enteral nutrition if it can be tolerated by 
the patient. Voitk et al (1973) reported weight gain and positive 
nitrogen balance in 12/13 IBD patients who were taking elemental 
diets, as well as few post-surgical complications in the 7 patients 
who ultimately required surgery. It is possible that a lack of post- 
surgical complications is due to increased protein intake, as protein 
malnutrition has been associated with delayed wound healing and im- 
munoincompetence (Moore and Brennan 1975). As well, a relationship 
between duration of protein-depletion, weight loss, and serum albumin 
has been reported in rats (Daly et al 1972). Moreover, in these rats, 
as duration of protein depletion and weight loss increased, bursting 
strength of a standard colonic anastomosis decreased. 

Goode et al (1976) reported the advantages of an elemental diet 
and a normal diet to be virtually the same. Lean tissue repletion, as 
measured by whole body oe counting was 18.5% and 19% in CD patients 
consuming elemental diets and normal diets, respectively. Im a retro- 
spective study, Milewski and Irving (1980) found median weight, hemo- 
globin, and plasma albumin to be the same in three treatment groups of 
CD patients: parenteral nutrition, low-residue diets, and normal 
diets. Oral nutrition has also been used successfully in children 
with CD to reverse growth failure, a sign of PCM (Kirschner et al 


1981). Using TPN, Kelts et al (1979) reported a similar increase in 
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growth velocity in children with CD. On a regime providing 75 
kcal/kg/day or greater, patients gained weight, increased lean body 
mass and resumed linear growth. 

Finally, the catabolic effect of corticosteroid therapy on skele- 
tal muscles is well-recognized and documented (Myles and Daly 1974, 
Young 1970). Negative nitrogen balance and decreased muscle mass are 
common in patients taking corticosteroids, regardless of the associ- 
ated illness. 

2.6.7 Vitamin B 


12 


Vitamin Bio malabsorption is a common finding in CD (Dyer et al 


1972, Farivar et al 1980, Fausa 1974, Filipsson et al 1978). Because 
vitamin Bio absorption takes place in the ileum, one would expect mal- 
absorption of vitamin Bi» to be related to ileal involvement. How- 
ever, studies have consistently shown that there is a poor correlation 
between malabsorption of vitamin Bio and extent of ileal disease 
(Farivar et al 1980, Fausa 1974, Filipsson et al 1978). This is 
likely due to several other factors in CD which can contribute to mal- 


absorption of vitamin B bacterial overgrowth, decreased intrinsic 


12 


factor if there is gastric involvement, pancreatic insufficiency, lack 
of available calcium in the gut due to steatorrhea, and decreased in- 
testinal length. 


Dyer et al (1972) found low serum B,, and abnormal Schilling's 


12 


test in 7% and 48%, respectively, of unoperated patients. However, 
these abnormalities occurred in a much higher percentage of resected 


patients: 33% had a low serum Bi and 83% had an abnormal Schilling's 


test. Moreover, the lowest levels of serum Bio were found in patients 
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who had had more than 100 cm resection of the ileum. Low serum Bi» 
was not found in colonic involvement. Thus, in this study, vitamin 
Bi> deficiency was usually associated with resection of the terminal 


ileum and was somewhat related to length of resection. In contrast, 


Fausa (1974) reported that malabsorption of vitamin B,, was unrelated 


12 
to the length of ileum resected, but was found in most patients with 
ileocolic resection. This finding suggests bacterial overgrowth due 
to contamination of the ileum by colonic bacteria. Filipsson et al 
(1978) reported findings of vitamin Bio malabsorption in a much larger 
sample than either of the former studies. Vitamin Bi» malabsorption 
and extent of diseased ileum showed a low correlation. However, 
urinary vitamin Bio excretion correlated highly (0-76) with the length 
of ileal resection, which confirms the earlier findings of Dyer et al 


(1972). Furthermore, vitamin B,, absorption did not improve signifi- 


12 
cantly up to 3-5 years after surgery, though a significant improvement 
was observed in patients operated upon for disease confined to the 
large bowel. This finding exemplifies the decreased absorption of 
vitamin Bi that is associated with short-bowel syndrome. 


Farivar et al (1980) examined vitamin B,, metabolism in un- 


4 
operated CD patients. They found the Schilling's test to be positive 
in 42% of patients with ileal or ileocolonic involvement. As with the 
previous investigators, there was no correlation between the extent of 
ileal involvement and urinary vitamin Bio nor between the Crohn's 
Disease Activity Index (CDAI) and urinary vitamin Bio: Moreover, a 


positive bile acid breath test was found in 42% of the patients. 


Though 19% of the patients were found to have bile acid malabsorption, 
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a normal bile acid absorption in the remaining 23% confirmed that 
elevated CO, excretion in the breath was due to bile-acid deconjuga- 
tion in the presence of bacterial overgrowth. Thus, bacterial over- 
growth was likely contributing to malabsorption of vitamin Bi» in 
these patients with CD. 


Thus, the above studies have shown that vitamin B,, malabsorption 


ts 
is not related to the extent nor the severity of ileal disease, but it 
related to the length of intestine resected and that bacterial over- 


growth probably contributes to vitamin B,, malabsorption. 


i 

2.6.8  Calcium/Vitamin D 

The endpoint of calcium deficiency in CD is metabolic bone 
disease (MBD). A recent study has shown that there is some evidence 
of MBD in 60% of CD patients as measured by photon densitometry, 
microradiological evaluation of the hands, or bone biopsy (von Westarp 
et al 1978). Other researchers have reported osteomalacia as measured 
by bone biopsy in 71% (Driscoll et al 1977) and 36% (Compston et al 
1978) of patients with CD. 

Abnormalities of calcium metabolism are associated with steato- 
rrhea (Earnest et al 1974), as unabsorbed fatty acids may form in- 
soluble soaps and inhibit absorption. Calcium absorption can also be 
reduced as a result of corticosteroid therapy (Avioli et al 1968, 
Klein et al 1977). Also, decreased intake could contribute to calcium 
deficiency, particularly in the case of lactose intolerance (Brooke et 
al 1978). In addition, increased intestinal loss of calcium has been 


associated with enteric protein loss (Krawitt et al 1976). Calcium 


deficiency can also occur secondary to vitamin D deficiency for which 
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there are several mechanisms: decreased dietary intake, malabsorption 
due to binding of vitamin D by cholestyramine (Compston and Horton 
1978), or decreased absorption due to bile salt deficiency or intesti- 
nal disease (Sitrin et al 1980). It is also suggested, though un- 


proven, that protein-bound 25-OH vitamin D, in PLE (Sitrin et al 1980) 


3 
or excessive loss of vitamin D in decreased enterohepatic circulation 
(Compston and Creamer 1977, Sitrin et al 1980) could contribute to 
vitamin D, and thus calcium deficiency. There are several reports in 
the literature which illustrate many of the above mechanisms. 

A classic example of osteomalacia diagnosed by bone biopsy was 
recently reported in a patient who had undergone two intestinal resec-— 
tions (Sitrin et al 1980). Biochemical abnormalities included a low 
serum 25-OH vitamin D, and calcium absorption of only 17% (normal 
50%). Steroid therapy and steatorrhea in this patient were undoubted- 
ly contributing to calcium malabsorption. Decreased dietary intake of 
calcium due to lactose intolerance was an additional mechanism for 
calcium deficiency. However, vitamin D deficiency due to decreased 
intake and/or malabsorption appeared to be contributing to calcium 
deficiency as 2000 I.U. of vitamin D/day succeeded in returning serum 
25-OH vitamin D, levels to normal. Osteomalacia was diagnosed by 
means of bone biopsy and radiological evaluation 2 years post- 
surgically in a woman who had undergone ileal resection (Compston and 
Horton 1978). Biochemical, radiological and histological improvement 


was achieved in 6 months with 50 ug of oral 25-OH vitamin D,/day- 


Intermittent cholestyramine therapy, because of its binding effect on 
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bile acids, was suspected of causing vitamin D malabsorption suffi- 
cient to aggravate existing mild osteomalacia. 

Hypocalcaemic chorea was noted in another patient with CD (Howdle 
et al 1979) with elevated alkaline phosphatase and decreased bone 
density in the hands. Complete neurological response was seen with 
oral vitamin D: because only a single dose was required, malabsorp- 
tion of calcium secondary to vitamin D deficiency was sited as the 
cause of hypocalcemic chorea and, presumably, of decreased bone 
density. 

As mentioned previously, there are several possible mechanisms 
for calcium malabsorption, though information on calcium absorption in 
CD is sparse (Krawitt et al 1976). In a group of 31 patients with CD 
involving different areas of the intestine, only four were found to 
have calcium malabsorption resulting in negative calcium balance. 
Moreover, there was no evidence of increased endogenous fecal calcium 
or total secreted intestinal calcium. Calcium absorption was compar- 
able in patients with or without steatorrhea. Furthermore, there was 
no correlation between calcium and fat excretion, which suggests that 
the formation of insoluble calcium salts did not play a major role in 
calcium absorption. However, calcium excretion did correlate with 
protein clearance in CD patients, which was from 3-/ times that of 
controls. This could indicate either that protein-drag of calcium 
occurs in PLE, or could simply reflect the severity of the disease. 
Somewhat surprisingly, there was no relationship between steroid 


therapy and calcium malabsorption. This findings is in conflict with 
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others (Avioli et al 1968, Klein et al 1977) who have found that 
prednisone depresses calcium absorption. 

Though many researchers have reported low serum levels of 25-0H 
vitamin D3 in CD patients (Compston and Creamer 1977, Compston and 
Horton 1978, Driscoll et al 1977), only one has examined intestinal 
absorption or dietary intake of vitamin D, or seasonal variation in 
serum 25-OH vitamin D, levels. In 1977, Compston and Creamer reported 


3 


that absorption of orally-administered 25-OH vitamin D, was signifi- 


3 
cantly lower in patients with small bowel resections than in controls. 
However, this cannot be taken to indicate unequivocal malabsorption of 
vitamin D, as plasma 25-OH vitamin D, levels after an oral dose are 
also affected by rate of further metabolism and of tissue-uptake of 
25-OH vitamin D,- The mean vitamin D intake of 1.75 ug/day in these 
patients is less than half of the RDA of 5.0 ug/day. Thus, decreased 
dietary intake could well be more significant in the etiology of 
calcium deficiency than previously recognized. This could be of even 
greater importance in the winter months, as it was shown that serum 
25-OH vitamin D3 levels were lower in the majority of patients in the 
winter months, probably due to decreased endogenous synthesis of 
vitamin D. 

Vitamin D therapy has been used to normalize serum 25-OH vitamin 
D3 levels and to treat bone disease in patients with CD (Compston and 
Horton 1978, Driscoll et al 1978, Sitrin et al 1980). The patient 
reported by Compston and Horton showed biochemical and histological 


improvement on 2000 I.U. vitamin D/day for 6 months. This same dosage 


brought about a normalization of serum OH-vitamin D, levels in another 
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patient with CD, however Sitrin and co-workers (1980) indicated that 
up to 10,000 I.U./day might be necessary to normalize this parameter 
in other patients. In a larger group of CD patients, Driscoll et al 
(1977) reported that 4000 I.U./day was required to maintain normal 
levels of serum 25-OH vitamin D, in most patients. Bone biopsy one 
year later, revealed improvement in parameters indicative of osteo- 
malacia. However, in one patient who had severe malabsorption, 25,000 
I.U./day was required to maintain a normal serum 25-OH vitamin D. 
level, but this amount did not improve existing bone disease. The 
variation seen in the foregoing levels of vitamin D therapy are pos- 
sibly due to several factors, including use of steroids or cholestyra- 
mine, seasonal variation in serum 25-0OH D, level, resection, decreased 
enterohepatic circulation, or dietary intake. 

2.6.9 Vitamin A 

Though fat malabsorption has been studied in CD (Dyer and Dawson 
1973, Filipsson et al 1978) and is known to occur in some patients, 
absorption of fat-soluble vitamins (other than vitamin D) has received 
little attention. However, fat-soluble vitamins are subject to simi- 
lar pathophysiological mechanisms as fatty acids and may very well be 
deficient in some patients with CD. 

Russell et al (1973) reported abnormal dark-adaptation in 13 
patients with small bowel disease (six with regional enteritis, six 
with celiac sprue, and one with jejunal diverticulosis), who otherwise 
had no signs of vitamin A deficiency. Although they reported that all 
patients had normal serum carotene and serum retinol, 12/13 had serum 


retinol lower than that observed in subjects with normal liver re- 
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serves of vitamin A (Hume and Krebs 1949, Sauberlich et al 1974). 
This was in spite of the fact that some subjects had been taking oral 
supplements of 3,500-10,000 I.U. vitamin A/day, and, this strongly 
suggests malabsorption, increased loss, or increased requirement. 
Malabsorption was confirmed as xylose excretion was found to be ab- 
normal in nine patients and fecal fat excretion was elevated in seven 
patients. However, serum vitamin A or serum carotene were not corre- 
lated with degree of fat malabsorption. This is not necessarily 
surprising as a lack of correlation between serum carotene and fecal 
fat has been reported by others as well (Brown et al 1980, unpublished 
observations). Moreover, even in vitamin A deficiency and/or malab- 
sorption, serum vitamin A levels are maintained somewhat below 45 
ug/100 ml (Hume and Krebs 1949) but greater than 20 ug/100 ml (Hodges 
and Kolder 1971) until late in deficiency. Thus, absence of a corre- 
lation between serum carotene and fecal fat does not exclude malab- 
sorption in the etiology of vitamin A deficiency. In 2/4 patients 
given a parenteral dose of 50,000 I.U. vitamin A and 5/5 patients 
given a 25,000 I.U. vitamin A orally for seven days, dark adaptation 
failed to return to normal. Following 30 days of 50,000 I.U. vitamin 
A/day, dark adaptation returned to normal in all but two. Several 
reasons were suggested by the authors for initial failure of the 
vitamin A therapy. It was suggested that this initial failure to 
reverse abnormal dark adaptation in most patients may have reflected 
individual differences in the initial degree of vitamin A depletion. 
Dietary inadequacy was ruled out by Russell and co-workers as a cause 


of vitamin A deficiency, since patients were reported to be taking 
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3,500-10,000 I.U./day of water-miscible vitamin A. Moreover, recent 
reports of vitamin A therapy for normalization of bowel function in CD 
used 50,000 1.U./day of retinol palmitate (Skogh et al 1980), a form 
which is even more efficiently absorbed. Furthermore, it was found 
that vitamin A normalized the altered permeability pattern seen in 
some patients with CD and stopped diarrhea. However, since the pa- 
tient is being maintained on 100,000 I.U. retinol palmitate/day, this 
suggested not only decreased absorption, but increased requirement 
and/or utilization as well. Alternatively, Russell et al suggested 
that rod regeneration in vitamin A deficient animals requires 3-5 
months and the time required for such regeneration may have been 
reflected in prolonged abnormal dark adaptation in their patients. 
While this explanation is sound, it suggests that dark adaptation 
lacks sensitivity. Indeed, the use of dark adaptation as a means of 
detecting subclinical vitamin A deficiency is somewhat controversial 
(Sauberlich et al 1974, Rodriguez and Irwin 1972). Furthermore, serum 
vitamin A was less than 20 ug/100 ml in four patients and less than 30 
ug/100 ml in another four patients, strongly suggesting vitamin A 


deficiency without the need of dark adaptation determination. 


2.7 The Effect of Drugs on Nutritional Status 

7 apa ods Prednisone 

Prednisone is a glucocorticoid, and as such will exert many of 
the same metabolic effects as the endogenous steroid. With increased 
steroid secretion or steroid therapy the body is geared toward gluco- 


neogenesis and both appetite and protein catabolism increase. The net 


i i 
= a : 
a = ol “ = ® x 
he - 


. ° bd = 


. 
a 
| = 

1 .sevuetoM. VA nitive siaigebe-asagy fo ee 1 000 ,015008 
O3-0F aoktonut fawod Yo) ceteseeiimppd tot yqerats & atgestv 


' In ta dod?) Steibwieg foalsar 36 


“ : ly , wr - 
ev? tt ,stomaatjml. sBedtdade vlinsivttts ote Gave a 
stieq yriitdesmraq bewsrls 1) bostiamor ae 


ait watle ,tevswok. <esdiweth Bagqocta tna 0D ale = 


it .vsh\oss7tmleq lomite® seh YOOLGUE a0 he into bes gis 
| —_ 
iromsialepesd. bsesgeywonk” sid: gaoriasoeds banewselh = cE son Bode 
< loan f 
i CsaatH vise SieerasgA ~.i baw va sakdiat tae 

oie a tas mane terete ia wiystiv at mideiiacinteae : 0 


if ' =r 


yow bolretegs@s9 Haep rot Dos tapas | snes “en 


_ é 7 - . R a 7 
lasrijer tiafi, kat Rae Ssae Lomrouds ragysds0rg at 
~~ a oo -_ ate 

a = ~ 
, 


i, '®. 


tc t Te 3 TA! . Mee ri act eve aNoe a i yon ute a. ~aeksenalgxs - 


to avése eo Se Ho tjagqebe een ta. gen is , Beatie? “tall 


o” torweede BhUVag orSLa. Aine’ it este Lodi gat, os 

wna ,cromaduset .COeee meee bas saupiahaa ‘UT Io 4 ok et 

> tbe 252 O75 = tat teg iia ut fF sont i. nl meet 

) ; ae eek oo S 
A clmsate onl yeeesle etquotta wnst2aq” ok rasise rte 


bieat ae not doagate sig tel ta: ie wie’ 
; aia \ 


10 eee 235K9 oa 
— 


ue ah =, ato 


58 


catabolic effects of glucocorticoid hormones on skeletal muscle are 
well-recognized and documented (Young 1970), and include loss of 
muscle mass and negative nitrogen balance. A curious mobility of fat, 
from the limbs to the trunk and face eventually results in Cushing's 
syndrome, characterized by a “moon-face” and “buffalo-hump". In 
addition to this redistribution of adipose tissue, an increase in 
weight is also reported (Myles and Daly 1974). It is thought that 
this weight gain is due to improved symptoms and appetite, as well as 
fluid retention. 

Prednisone has an antagonistic effect on vitamin D, possibly 
causing a lower production of the biologically active form of the 
vitamin (Avioli et al 1968). As a result, decreased calcium transport 
and absorption occur, with a corresponding increase in urinary calcium 
and magnesium. As calcium is resorbed from the bone to maintain serum 
calcium, bone density progressively decreases, eventually resulting in 
osteomalacia (Myles and Daly 1974). 

Reports of increased need for zinc in steroid therapy are contro- 
vesial. Flynn et al (1971) reported that urinary zinc is elevated and 
serum zinc is decreased by high parenteral dose corticosteroids, 
whereas Briggs and co-workers (1971) showed that short-term oral doses 
have no effect on zinc nutriture. However, six patients on long-term 
steroid therapy presented with delayed wound healing, which was suc~ 
cessfully treated with oral zinc sulphate (Flynn et al 1973). In yet 
another study, Solomons and Rosenfield (1976) failed to find a signif- 


icant difference in plasma zinc between patients on and off steroids. 
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Furthermore, there was a poor correlation of plasma zinc with daily 
steroid dose. 

The requirement for vitamin C appears to increase with cortico- 
steroid therapy; McWhirter (1974) showed that ascorbic acid has the 
ability to reverse the inhibitory step in the formation of collagen in 
patients who are taking corticosteroids. Moreover, he reported that 
vitamin C also corrects the neutrophilic leucocytosis which has been 
reported to occur with prednisone therapy (Myles and Daly 1974). 

The need for vitamin Be appears to be increased in steroid 
therapy, as well (Rose 1972). Pyridoxal 5-phosphate is required for 
biosynthesis of nicotinic acid from tryptophan. With insufficient 
vitamin Bes tryptophan is not completely metabolized and intermediate 
metabolites, such as xanthurenic acid, are excreted in the urine. 
After steroid injection, higher levels of such intermediate metabo- 
lites were present in the urine than before steroids. However, admin- 
istration of vitamin Be prevented accumulation of these metabolites. 

2.7.2 Salicylazosulfapyridine (SAS) 

SAS can have adverse side effects such as anorexia, nausea, and 
vomitting which may, in themselves, cause a reduction in food intake. 
Thus nutrient deficiencies may develop simply because of decreased 
ingestion. However, the folate deficiency often associated with SAS 
may be due to decreased absorption (Franklin and Rosenberg 1973), or 
increased loss due to mild hemolysis (Das et al 1973). Franklin and 
Rosenberg found serum folate levels less than 3.6 ng/ml in 63% of IBD 
patients. In absorption studies with tritiated pteroylmonoglutamic 


acid there was a 24% reduction in folate absorption when patients were 
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on SAS, as compared to when they were not. However, Gerson and Cohen 
(1976) found absorption of pteroylpolyglutamic acid to be normal in 
four out of five subjects who were on SAS, though serum folate was low 
in two of the five. They speculated that the low serum folate was due 
to decreased intake. Discrepancies in these two studies may have been 
due to the different forms of folate used, and thus, the need for 
stricter attention is emphasized. Recent in vitro experiments by Dhar 
et al (1976) suggest that SAS interferes with absorption and utiliza- 
tion of folate through competitive inhibition in the intestine and 
elsewhere, and that inhibition is related to the concentration of SAS. 

The mild hemolysis observed with SAS therapy (Das et al 1973) can 
effect other hematopoietic nutrients. Indeed, it is thought to be a 
cause of increased serum ferritin concentration in CD patients with 
absent bone marrow hemosiderin (Thomson et al 1978), though studies 
have not been conducted to determine iron loss or malabsorption with 
SAS therapy. 

2072.3 Oral Contraceptive Agents (OCA) 

OCA have many effects on nutrient requirements (Theuer 1973). 
Evidence suggestive of folate deficiency has been observed in women 
taking OCA (Shojania et al 1969, Whitehead et al 1973). Shojania et 
al (1969) found that OCA users had significantly lower serum folate, 
red cell folate, and higher FIGLU excretion than controls. However, 
within three months after cessation of the drug, these hematopoietic 
parameters and FIGLU excretion of the experimental group returned to 
normal. Although there was lack of agreement in several early studies 


of folate status in OCA users (McLean et al 1969, Shojania et al 1969, 
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Spray 1968), this inconsistency was subsequently shown to be due to 
the use of different forms of folic acid (Strieff 1970). Megaloblas- 
tic, cytologic changes reported in the cervical mucosa of about 20% of 
OCA users by Whitehead et al (1973) were thought to be due to folate 
deficiency. Moreover, others have found megaloblastic anemia in OCA 
users to be folate-responsive (Theuer 1973). Therefore, it would 
appear that about 20-30% of women using OCA have abnormally low folate 
status (Theuer 1973). Particularly if intake is already marginal, 
altered metabolism imposed by OCA may result in overt folate 
deficiency. 

Rose (1965) was the first to report that women taking estrogen- 
containing contraceptives exhibited an abnormality of tryptophan 
metabolism similar to that present in vitamin Be deficiency. Others 
(Aly et al 1971, Price et al 1967) also observed increased excretion 
of xanthurenic acid and other metabolites after an oral load of tryp- 
tophan. Although it was subsequently shown that supplementation with 
25 mg of pyridoxine hydrochloride (Luhby et al 1971) would prevent 
excretion of tryptophan metabolites after a tryptophan load, such 
supplementation is not necessary to maintain normal levels of metabo- 
lites derived from dietary sources of tryptophan (Leklem et al 1975). 
Notwithstanding the frequency with which abnormal tryptophan meta- 
bolism occurs in OCA users, there remains uncertainty as to whether 


OCA produce a true vitamin B, deficiency. Only about 15-20% of OCA 


6 
users have direct biochemical evidence of vitamin Be deficiency as 


measured by a higher in vitro stimulation of alanine aminotransferase 


activity by pyridoxal phosphate (Lumeng et al 1974). However, pyri- 
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doxal phosphate concentrations returned to normal in most of OCA users 
within six months, suggesting that the effect of OCA on vitamin Be 
metabolism is temporary. 

Evidence of poor riboflavin and thiamin status has also been 
reported in OCA users (Sanpitak and Chayutimonkul 1974). Serum and 
leucocyte ascorbic acid levels have been reported to be lower in OCA 
users than in controls (Rivers and Devine 1972, Theuer 1973). Also, 
serum Bi levels (Wertalik et al 1971) and serum zinc levels (Theuer 
1973) are depressed in women using OCA, though serum levels of other 
minerals and vitamins are elevated. Levels of serum copper, vitamin A 
and iron are higher than normal with the use of OCA (Theuer 1973). 
Serum transferrin is increased as well, though hemoglobin levels are 
normal. The need for iron might well be reduced in OCA users, as they 
generally report lighter menstrual bleeding than before the use of 
OCA. As well, the vitamin K requirement appears to be reduced by OCA 
(Scrogie et al 1967), as an increased level of vitamin K dependent 
clotting factors has been found in the blood of women using OCA. 

Dehee Cholestyramine 

Cholestyramine is used symptomatically to treat diarrhea due to 
bile salt catharsis. However, cholestyramine sequesters bile acids 
and malabsorption of fat and fat-soluble nutrients can occur (Heaton 
et al 1972, Longenecker and Basu 1965, Roe 1968). Furthermore, with 
prolonged use of the drug, the mechanism may travel full-circle and 
result in bile salt deficiency, thus exacerbating malabsorption of 
fatty acids and fat-soluble vitamins. At least one case of osteo- 


malacia due to vitamin D malabsorption has been documented in a woman 
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receiving cholestyramine (Compston 1978, Heaton et al 1972). Chole- 
styramine therapy may result in decreased absorption of iron and vita- 
min Bio» as well. Researchers (Greenberger 1973, Thomas et al 1971) 
have shown that cholestyramine binds both organic and inorganic iron, 
thereby reducing absorption. Work by Coranato and Glass (1973) sug- 
gests that competition by cholestyramine for the binding sites on the 


intrinsic factor molecule causes reduced vitamin Bi» absorption. 
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3. METHODOLOGY 


3.1 Selection and Diagnosis of Patients 
The study group consisted of all the CD patients who were admit-— 
ted to the gastroenterology teaching clinic at the University of 
Alberta Hospital between April and November, 1979. Of the 47 CD 
patients, there were 23 males and 24 females, aged 18 to 62 years. 
Diagnosis of Crohn's disease was made by the attending physicians 
according to the following criteria: 
(i) Medical history, physical findings, and clinical course 
compatible with Crohn's disease 
(ii) no known enteric pathogens in stool cultures 
(iii) radiological abnormalities characteristic or suggestive 
of CD 
(iv) sigmoidoscopy or colonoscopy evaluation and biopsy re- 
sults characteristic of CD 
The Crohn's Disease Activity Index was calculated for each 
patient according to the criteria of Best (1976). 
Data were collected from patients by means of anthropometric mea- 


surements, dietary interviews, and biochemical tests. 


3.2 Anthropometric Measurements 

Each patient's height, weight, mid-arm circumference (AC), and 
triceps skinfold thickness (TSF) was obtained at the clinic. A beam 
balance with a height measure was used to take height and weight data. 


Each patient was weighed in street clothing (without shoes and top 
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coat) and relative body weight was calculated (Blackburn et al 1977, 
Jelliffe 1966). Upper AC was measured by taking the midpoint between 
the acromian process of the scapula and the olecranon process of the 
ulna. The arm was flexed such that the ulna and humerus formed a 
right angle, and the midpoint was marked with a pencil. With arm ex- 
tended and muscles relaxed, the AC was then measured at this mid- 
point, and percent of standard AC was calculated, using the standard 
of Bistrian 1977. The mid-arm TSF thickness was measured with the arm 
hanging relaxed at the side. A lengthwise skinfold was firmly grasped 
between the finger and thumb about one cm above the site to be 
measured. A Lange skinfold caliper with a constant pressure of l 
gm/square mm of jaw surface was applied to the site, at a depth equal 
to the skinfold and the skinfold measurement was read. The TSF was 
recorded as the mean value of three measurements and percent of stan- 
dard TSF was calculated (Frisancho 1974). 

Some controversy exists regarding which arm should be used for AC 
and TSF measurements. In the Nutrition Canada Survey (Dept of 
National Health and Welfare, Ottawa, 1973) skinfold measurements were 
taken on the left arm, while in the Ten-State Nutrition Survey mea- 
surements were taken on the right arm (Frisancho 1974). Bistrian 
(1974) reported that anthropometric measurements of hospital patients 
were made on the left arm. After taking several anthropometric mea- 
surements on both sides of the body, Ward et al (1975) concluded that 
either right or left-sided measurements will give equal precision. 


Anthropometric measurements of CD patients were done on the non- 
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dominant arm to avoid bias due to disproportionate muscle development 
in the dominant arm (Blackburn 1977). 

Mid-arm muscle circumference was calculated from the TSF and AC 
as described by Jelliffe (1966) and percent of standard AMC was cal- 


culated for each patient. 


3.3 Dietary Evaluation 

The method used for dietary assessment was based on the method 
used in the Nutrition Canada Survey (Dept of National Health and 
Welfare, Ottawa, 1973). Dietary data were collected by four inter- 
viewers: a dietetic intern, a graduate student, and two registered 
dietitians, all of whom were trained in the Nutrition Canada tech- 
niques of dietary interview. The standardized interviewing techniques 
of the Nutrition Canada Survey were used to ensure consistent data 
collection. Forty-three patients were interviewed at the clinic, one 
patient was interviewed at home, and three patients were assessed in 
the hospital. The patient had no prior knowledge of the date of the 
interview, thereby eliminating the possibility of altering usual food 
intake to comply with his/her preconceived idea of what might be 
expected by the interviewer. Each subject was asked to recall all 
foods and beverages he had consumed during the 48-hour period starting 
at midnight three days before the interview. Food portion models, 
constructed according to Nutrition Canada specifications were used for 
estimating amounts of food consumed. The models included: 1) cups, 
glasses; 2) bowls, plates; 3) fish, meat, pie models; 4) papier-mache 


filled spoons; 5) papier-mache mounds. Each model was coded with a 
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letter and some models were marked to denote specific volumes. Letter 
and numbers representing the amounts consumed were entered on the 
dietary recall form. In some cases, a ruler was used to measure 
dimensions of specific food items. Calculation of the weight of the 
portion in grams was then possible using the densities of foods 
(gm/cubic inch) provided by Nutrition Canada. For each food item 
recalled by the subject, the interviewer recorded the time of consump- 
tion, an exact description of the food item and the amount consumed. 
Details were requested from mothers or wives when male subjects could 
not recall details about what food was sereved or how it was prepared. 
In some cases, recipes were obtained from the patients. For hospital 
intakes, the food was weighed in grams by the interviewer before the 
tray was taken to the patient. The weight was later corrected for 
food not eaten. Two patients (one male and one female) were taking 
parenteral nutrition. The nutrient contributions of the parenteral 
nutrition were later added to the computer calculation of nutrient 
intake. 

Each food was subsequently coded by the interviewer, using the 
individual code numbers from Composition of Foods, Agricultural 
Handbook No 8 (Watt and Merrill 1963), and additional code numbers 
created by Nutrition Canada and D.A. Smith (1977). Food intake data 
were then keypunched and converted to nutrient intake using the tape 
of the computer program which was used by Nutrition Canada to calcu- 
late nutrient intakes. Daily intake was computed for the following 
nutrients: energy, protein, carbohydrate, fat, crude fiber, iron, 


vitamin A, calcium, phosphorus, thiamin, ascorbic acid, vitamin Bi» 
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vitamin Be» pantothenic acid, free folate, and total folate. Vitamin 
D intake was calculated by hand. 

Food consumption patterns were studied by categorizing foods into 
the nine major food groups used to prepare the Nutrition Canada food 
consumption patterns report (Dept of National Health and Welfare 
1978): fats and oils; fruits and fruit products; grain and grain 
products; nuts, soybeans and miscellaneous seeds; meat, fish, poultry, 
and eggs; milk and milk products; sugars and sweets; vegetables; mixed 
dishes; and soft drinks. The food group and subgroups are listed in 
the appendix (Appendix 33). The daily intake of each food group in 


grams was calculated by the computer for each patient. 


3.4 Biochemical Tests 

Laboratory determinations were performed for each patient on the 
day of interview or as close as possible to that day- For some pa- 
tients the laboratory tests had been performed usually within the 
preceding three months and the tests were not repeated. All deter- 
minations were made within the Department of Laboratory Medicine, 
University of Alberta Hospital, Edmonton, by the standard method used 
there (Appendix 34). 

For the biochemical tests, the reference values used by the 
Department of Laboratory Medicine at the University of Alberta 
Hospital, Edmonton were chosen for comparison to the CD group. The 
reference values at the University of Alberta Hospital are determined 
in one of two ways: either by determination of the distribution of 


biochemical values of 10,000 or more patients presenting to the 
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Hospital, and/or by reference to the current literature. Therefore, 
the reference values used in the present study are not necessarily the 
same as those for a healthy population and, thus, some values may 


differ slightly from those in the current literature. 


3.5 Statistical Methods 

The data collected - anthropometric measurements, food intake and 
biochemical lab values - were keypunched and transferred to computer 
tape for analysis. Descriptive statistics were calculated for each 
variable. Cumulative percentage distributions were calculated from 
frequency distribution tables. 

Pearson correlation coefficients were calculated between nutrient 
intake and biochemical parameters (Dunn 1964). 

The Student's T-test was used to determine whether there was a 
significant difference in nutrient density between male and female 


Crohn's disease patients (Dunn 1964). 
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4. RESULTS 


4.1 Clinical Characteristics of Crohn's Disease Patients 

The mean age of CD patients was similar in the male (31 yrs) and 
the female (32 yrs) groups (Table 1). The mean height and weight of 
the CD patients were close to that of the average North American male 
and female. Relative weight was close to 100% for both males and 
females. The triceps skinfold (TSF) and arm muscle circumference 
(AMC) measurements are given both in mm and percent of standard. The 
mean percent of standard TSF was 120% in males as compared to 95% in 
females, indicating that as a group, male CD patients were fatter than 
females. Muscle reserve was slightly depleted in both males and 
females, being 98% and 95%, respectively, of standard arm muscle 
circumference. 

The number of patients on steroids was 654 for both the male and 
female groups. The site of disease was remarkably similar, as 14 
males and 15 females had ileal-colonic involvement, 9 males and 8 
females had CD of the ileum, and one female had colonic involvement 
only. The mean duration of disease was slightly higher in females, 
being 95 months (6-324), as compared to a mean duration in males of 74 
months (6-216). Thus, it was interesting that the mean Crohn's 
Disease Activity Index was also higher in females than in males, being 


118 (0-434) and 46 (0-188), respectively. 
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Table 1: Characteristics of Crohn's disease patients 


Males: Manatees 
3 3 
Mean Range Mean Range 
Age (yrs) Shetelt0 (18 - 62) 32 a%ek1 (19 - 56) 
Height (cm) £76406 (166 -~eb89) 164 Tte6 61:50 j=nt70) 
Weight (kg) he 2eh0 (Sie-890) 5eatelh (44 - 85) 
Relative pesolts 10222015 (78 - 136) 100 + 20 O73%=8150) 


Triceps skinfold 
- mm Ean 
- % of standard 120 


(3500-1 26.0)}an Loal 
58 (278-8232) 95 
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Arm Muscle Circumference 
- cm 6 252002) 508 219.0% = 32.0) > 20.9 
- %£ of standard 95 ese i2 CZ08—9119) 98 
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Duration of disease (mo) 71 (62-0256) 95 (6 - 324) 


Crohn's Disease 
Activity Index 46 (O - 188) 118 (0 - 434) 


Site of disease (ileun, 
colon, ileum & colon) 9-0-14 a 8-1-15 = 


Steroid therapy (4) 65 a 65 = 


Number of subjects = 23 

Number of subjects = 24 

Values are means + s.d. 

Calculated as % ideal weight for height according to 1959 Metropolitan 
Standards, Jelliffe (1966). 

Standard triceps skinfold: 11 mm for males, 19 mm for females; 
Frisancho (1974). 

Standard arm muscle circumference: 27.0 cm for males, 21.3 cm for 
females; Bistrian (1977). 
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4.2 Dietary Intake 

4.2.1. Nutrient Intake 

The nutrient intake is reported in Tables 2 (males) and 3 
(females) as the mean and the range. In the last two columns the 
Recommended Dietary Allowance (RDA) and nutrient intakes of Nutrition 
Canada (NC) participants are given for comparison. The mean nutrient 
intake in CD patients was less than the RDA in the male group for 
vitamin Be and folate (Table 2). In the female CD patients, the mean 
intake of vitamin Be» folate, iron, calcium, and vitamin D was less 
than the RDA (Table 3). However, there was a wide range of intakes 
within each nutrient (Tables 2 and 3). Thus, the adequacy of intake 
according to the RDA is given in Tables 4 (males) and 5 (females). 
The numbers in each column indicate the cumulative percentage of 
patients consuming the full RDA, 2/3 RDA, 1/2 RDA, and 1/3 RDA. Less 
than 50% of the male CD patients were consuming the full RDA for a 
number of nutrients, and the percentage of patients who did consume 
the full RDA is given in brackets: energy (49%), vitamin A (482%), 
vitamin Be (13%), and folate (0%). Even at 1/3 RDA, less than 100% of 
the men had achieved this level of intake for vitamin A, vitamin C, 
vitamin D, and folate. The array of nutrients in which 502% or fewer 
of the female CD patients achieved consumption of the full RDA was 
greater than in the males. The percentage of females who did consume 
the RDA for the following nutrients is indicated in brackets: energy 
(33%), calcium (38%), iron (17%), vitamin A (50%), pantothenic acid 
(38Z4), vitamin Be (13%), folate (8%), vitamin Bio (50%), and vitamin D 


(30%). Similarly, a greater number of females than males failed to 
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Table 2: Mean daily nutrient intakes of male Crohn's disease patients; 
comparison with Recommended Allowances and Nutrition Canada 


Daily nutrient intakes Nutrition 

Energy (Keal) 2861 + 912" 1312 - 4486 2300 - 3100 3349 
Protein (g) 195 2.37 56 - 200 56 124 
Fat (g) 116 = 44 59) = 275 = 155 
Carbohydrate (g) $35 = L6G 182 - 699 - 337 
Crude fiber (g) 4:3 = 1:6 1. = Ft5 ose 4.8 
Calcium (mg) 1048 + 675 295 = 3222 800 1189 
Phosphorus (mg) 1679 + 666 634 = 3343 800 = 
Iron (mg) Riso. #31: sy 44 10 12 
Vitamin A (RE)° igs. 2630 241 = 2854 1000 2145 
Vitamin A (IU) 6353 + 4641 G57 >= £9952 = = 

- Carotene (IU) 3828 59 - 15785 = = 

- Retinol (IU) 2597 524 = 4662 ss = 
Ascorbic acid (mg) 18/7 = L861 £65- 922 60 114 
Pantothenic acid (mg) 635 + 327 Zee — 29 4-7 - 
Vitamin B6é (mg) ke = .b34 OF) = Fat VEPs = 
Folate (ug)? Z22F) = 96 PT — 73680 400 226 
Vitamin D (IU) eh ese eT 0 - 911 200 - 
; Each value is the mean of two days. n = 23 

Recommended Dietary Allowances, Revised 1980, Food and Nutrition 

Board, National Research Council, National Academy of Sciences, 
3 Washington, D.C. 
i Mean daily nutrient intakes of males (20 - 39 years), Prairie region 
5 Values are means # s.d. 

RE = retinol equivalents; 1 retinol equivalent = 1 ug retinol (3.33 
6 IU) or 6 yg B-carotene (10 IU) 


Total folate 
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Table 3: Mean daily intake of female Crohn's disease patients; 
comparison with Recommended Allowances and Nutrition Canada 


Daily nutrient intakes Nutrition 

Nutrient Mean? Range RDA“ Canada” 
Energy (Kcal) 1867 + 866° 571 - 4303 1600 - 2400 1946 
Protein (g) 66 +31 23 - 134 44 75 
Fat (g) 74 = 39 202-197 - 88 
Carbohydrate (g) 232 + 114 54 - 540 - 207 
Calcium (mg) 707 + 526 103 = 2131 800 788 
Phosphorus (mg) 1114 + 562 325) => 2476 800 = 
Iron (mg) Le ae O's 2 0.0 - 26 18 2 
Vitamin A (RE)? 1056 + 806 208 - 3557 800 1134 
Vitamin A (IU) Bia) 224422, 1014>— 19425 = og 

- Carotene (IU) 3973 On=eLiL9 = = 

- Retinol (IU) 2194 534 - 11308 = = 
Riboflavin (mg) eee Lead: 0.4 — 2.0 lez eo 
Ascorbic acid (mg) 135 = 120 145-500 60 90 
Pantothenic acid (mg) AG2 = 26 ees ls 4-7 - 
Vitamin B6 (mg) Dea eels 0.4 — 6.0 2.0 = 
Vitamin Bl2 (ug) Bose cali as Oee= mss 3.0 - 
Folsrertile)” 185 + 122 BAeS00 400 145 
Vitamin D (IU) 167 = 133 6.5 — 500 200 - 
: Each value is the mean of two days. n= 24. 

From Recommended Dietary Allowances, Revised 1980, Food and Nutrition 

Board, National Research Council, National Academy of Sciences, 
3 Washington, D.C. 
i Mean daily nutrient intakes of females (20 - 39 years), Prairie region 
5 Values are means # s.d. 

RE = retinol equivalents; 1 retinol equivalent = 1 ug retinol Cos ie 
6 IU) or 6 yg B-carotene (10 IU) 


Total folate 
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Percentages were calculated from mean nutrient intakes of 23 males 
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Table 4: Percentage of male Crohn's disease patients 
meeting the Recommended Allowances 
Percentage of intakes meeting allowances’ 
Nutrient Full RDA 2/3 RDA 1/2 RDA 1/3 RDA 
Ie Sac a 
Energy 49 87 96 100 
Protein 100 100 100 100 
Calcium 52 78 91 100 
Phosphorus 96 100 100 100 
Iron 96 100 100 100 
Vitamin A 48 83 on 96 
Thiamin 61 91 100 100 
Riboflavin 87 oT 100 100 
Ascorbic acid 87 91 St 96 
Pantothenic acid 74 91 100 100 
Vitamin B6 B5 ey, 74 100 
Vitamin B12 74 96 96 100 
Folate 0 26 48 74 
Vitamin D 57 70 83 or 


From Recommended Dietary Allowances, Revised 1980, Food and Nutrition 


Board, National Research Council, National Academy of Sciences, 


Washington, D.C. 
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Table 5: Percentage of female Crohn's disease patients 
meeting the Recommended Allowances 
Percentage of intakes meeting allowances - 
Nutrient Full RDA 2/3 RDA 1/2 RDA 1/3 RDA 
Energy 33 pes 83 96 
Protein 79 a2 100 100 
Calcium 38 58 67 teed 
Phosphorus AL 83 22 100 
Iron 17 38 v3) 88 
Vitamin A 50 7h vhs) 96 
Thiamin 54 83 92 100 
Riboflavin 63 83 92 100 
Ascorbic acid 67 75 88 92 
Pantothenic acid 38 67 ie 100 
Vitamin B6 Ake, 38 54 79 
Vitamin B12 50 58 ree’ 96 
Folate 8 rag 33 58 
Vitamin D 30 58 un 10S) 


Percentages were calculated from mean nutrient intakes of 24 females 
From Recommended Dietary Allowances, Revised 1980, Food and Nutrition 
Board, National Research Council, National Academy of Sciences, 
Washington, D.C. 
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consume 1/3 RDA for a wider range of nutrients. Less than 100% of the 
females achieved consumption of 1/3 RDA for energy, calcium, iron, 
vitamin A, ascorbic acid, vitamin Be» vitamin Bio» folate, and vitamin 
D. 

4.2.2 Food Consumption Patterns 

Table 6 describes the mean daily intake of food groups for both 
the CD group and NC participants, and expresses the respective intakes 
in grams per day. The column “Relative Intake” expresses the nutrient 
intake of CD patients as percent increased or decreased compared to NC 
intake. Consumption of food groups was similar with the following 
exceptions: fruit intake of the male CD patients was increased 79% 
and soft drink consumption was decreased 76% compared to NC. For 
female CD patients, fruit consumption was increased 69% compared to NC 
participants. 

4.2.3 Nutrient Density 

The nutrient intake/1000 kcal for the male and female CD patients 
is given in Table 7. The nutrient intake/1000 kcal was the same in 
the male and female groups for all nutrients, except vitamin A and 
folate, of which the males consumed smaller amounts than females (p < 


0.05). 


4.3 Biochemical Data for Crohn's Disease Patients 

The data in Tables 8 and 9 present the results of hematological 
and biochemical tests for male and female CD patients, respectively. 
The numbers of patients in whom each test was performed varies and is 


given in the first column. The mean values and range of values for 


- 


t (22909 THE AMA OC) Yo solsqnusnesg teva 


i3iy © .76903 ,ect? OiQSSEY G2 Giassty ,. pice siéveoae gf 
. ae 


‘ant 


sag — lala 


ire 3 
a 
wi 

? 

oO 

= 

: j 
ee 


‘wwng beoi i axetil CEEGA tase «lo + ae 


a* 
cots za zs: 3 nl svizveitar” son 
’ ag S Lhetsestsnl ta6s 
ae Lt oft tu esYoli ta S6e elem 
: z 23% ee a Lhe aiaa 2 i? 
7 + a Wey Aaya ee ob on ator 
, ras SN" feepss ae me} 1eAOD ea 


t = *F 


“sn eh, 


sepsis asso a 


einaijeaq (0 .olarot toe slaw ale ae Laas OOO agatat, gest * 


a. ae 
oS ee 
4 : . a a.) cd Ay = ee 7 
i amar oft aew [pod OGOL\ otedRt. tastes i” de Pe 
é - : .f lor » — 7 
bas A aAtmsity iqgaxa ‘shies 113 jou ware els 
ye) 


> gq) 29ismst asd ssavome 39lizs sete Boiled wich 
; . {> 


Tenigolors mand lo #4 Ding sdandaads 


agratigt Sines bimoag Tr) - 
y "i : i 
ivi 


Ae - a 
yisviga 7 . a7 6 +y S = OK a Li ay ¥- 
oars aac can 
> = we i, ay ‘F 
- rn =< 4 ae 
at bis aptasa, beareiase 


vy leu 


78 


Table 6a: Mean daily intake of food groups of Crohn's disease 


patients (males); comparison with Canadian Population 


Crohn's Nutrition Relative 
Food group iat oe Canada é Intake 
eee pee eee ee 

(grams) (grams) C.) 
Feast preduets 438 + 327° 244° + 79% 
Vegetables oroes 15 7 344 = 207 
Dairy Products Age = 482 420 + 127 
MPFE ; 212 + 82 285 - 262 
Cereals 271 = 177 282 - 4% 
Foods - Sugar t 52 + 45 64 revo ye 
Fats and Oils 26 + 26 33 = bone 
Nuts and Legumes Po 2220 Pe = 113% 
Mixed Dishes 8721 0> E32 - 342 
Soft Drinks Sep es aR Ke) 408 -a10% 


ke 


Number of patients = 23 

Canada Department of National Health and Welfare, Nutrition Canada. 

3 Food Consumption Patterns Report. Information Canada, 1976. 

[Crohn's patients’ intake - Nutrition Canada intake]/Nutrition Canada 
Intake 


4 
5 Values are means # s.d. 
Values for young adult males, 20 to 39 years of age. National 
6 figures 
J MPFE = meat, poultry, fish, eggs 


Foods primarily sugar: sugars, cake icings, syrups, honey, molasses, 
jellies, jams, candies, chocolate syrup, gelatine dessert powders. 
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Table 6b: Mean daily intake of food groups of Crohn's disease 
patients (females); comparison with Canadian Population 


Crohn's Nutrition Relative 
Food group spies Canada 2 Intake 

(grams) (grams) C7) 
Pee nroducts 344 + 308° 204° + 69% 
Vegetables 204 + 163 233 —=elZs 
Dairy Products 202, = 1202 289 =) O- 
MPFE ° 138 + 76 160 26147 
Cereals £OGs 2 al32 198 = 2c 
Foods - eeeacs 33 + 46 44 aes WA 
Fats and Oils 20 +18 22 =5 97 
Nuts and Legumes Seed 8 —e627 
Mixed Dishes Si e=i9 106 =f182 
Soft Drinks 1a +7529 > =el94 


Number of patients = 24 

Canada Department of National Health and Welfare, Nutrition Canada. 

3 Food Consumption Patterns Report. Information Canada, 19/6. 

[Crohn's patients’ intake - Nutrition Canada intake]/Nutrition Canada 
Intake 


: Values are means # s.d. 

Values for young adult females, 20 to 39 years of age, National 
6 figures 
j MPFE = meat, poultry, fish, eggs 


Foods primarily sugar: sugars, cake icings, syrups, honey, molasses, 
jellies, jams, candies, chocolate syrup, gelatine dessert powders. 
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Table 7: Nutrient densities of intakes of 


Crohn's disease patients 


Nutrients per 1000 kilocalories 


Males Females 

(n = 23) (n = 24) 
Protein (g) 37 38 
Calcium (mg) 360 See) 
Phosphorus (mg) 586 606 
Iron (mg) 6.4 6.5 
Vitamin A (RE) 392% 601 * 
Thiamin (mg) 0.61 C275 
Riboflavin (mg) 0.90 0.94 
Ascorbic acid (mg) 61 76 
Pantothenic acid (mg) Pies Dee 
Vitamin B6 (mg) 0.65 0.74 
Vitamin Bl2 (ug) E26 2.9 
Folate (ug) Tiwi 101 * 
Vitamin D (1.U.) 92 85 
Crude fiber (g) 1.6 1.8 


* Comparison between males and females p < 0.05. 


Statistical test used was Student's t-test. 
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Table 8: Biochemical data of male Crohn's disease patients 


———————————————— Tanne 


Percentage of 
Biochemical data Reference patients with 


Parameter n Mean Range value” low values” 


———EE———————————EEEE nT 


Serum albumin (g/dl) 19 4.1 + 0.4 3.4 - 4.9 3.0 - 4.8 0 
Total lymphocyte count (jun) 20 1798 + 1045 222 - 4896 1500 - 3500 50 
Hemoglobin (g/dl) 23 14.0 + 1.6 10.3 - 16.6 13 22 
Hematocrit (%) 22 4155 + 4.2 32.4 - 48.7 40 - 54 23 
Mean corpuscular hemoglobin 

concentration (2) 22 34 +1 32 = 35 32 = 36 0 
Serum iron (ug/d1l) 18 61.4 + 33.3 14 - 130 80 - 170 67 
Total iron binding capacity (ug/dl) 18 319 + 79 155 - 496 250 - 400 197 
Transferrin saturation (%) 18 740 2% 354 4 - 36 20 - 55 50 
Serum ferritin (ng/ml) 17 189 + 242 16 - 999 15 - 200 (0) 
Serum folate (ng/ml) 19 ie 2 oe OFS = 16.9: 3.0 - 15.0 S77, 
Serum vitamin Bl2 (pg/ml) 18 356 + 174 94 - 700 140 - 520 ll 
Serum calcium (mg/dl) 21 9.3 + 0.4 8.8 - 9.9 B25 e— T1055 0 
Serum phosphorus (mg/dl) 21 3.5 + 0.6 2.1 - 4.4 2.5 - 4.8 5 
Serum vitamin D (ng/d1l) 10 20 + 13 6 - 43 > 10 20 
Serum carotene (ug/dl) res] 63 2 10 8 - 109 50 - 250 38 
Alkaline phosphatase (IU/1) 20 127 + 209 3] — 1092 40 - 110 10 


ee eee a 


: n = number of patients 
The range of normal values, from the Department of Laboratory Medicine, University of Alberta 
3 Hospital, Edmonton 
Percentage of patients with values below the reference value, except for alkaline phosphatase which 
states the percentage of patients above the reference value 


Values are means + s.d. 
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Table 9: Biochemical data of female Crohn's disease patients 


a  ——————————— 


Percentage of 


Biochemical data Reference patients with 
Parameter a Mean Range vatae- low yolues? 
_= ee eae et eee se ae 
Serum albumin (g/d1) 24 3.9 2 0.6" 2.8 - 4.8 3.0 = 4.8 13 
Total lymphocyte count (fun) 22 1564 + 999 275 - 4250 1500 - 3500 55 
Hemoglobin (g/dl) 24 2 Oita a6 952, <= 915.2 eae) 29 
Hematocrit (2) 23 EY 53 5 30 - 40 37 - 47 30 
Mean corpuscular hemoglobin 
concentration (2%) 22 33ns0 2) 315= 935 32 - 36 9 
Serum iron (ug/dl) 22 54 + 30 C) = TSR 60 - 150 60 
Total iron binding capacity (ug/dl) 22 309 + 68 164 - 430 250 - 400 15 
Transferrin saturation (%) 22 18 + 10 GS By 20 - 55 68 
Serum ferritin (ng/ml) 17 101 + 100 HB) co Shas T5=" 200 18 
Serum folate’ (ng/ml) 22 4.2 + 4.4 0.6 - 16.9 3.0 - 15.0 50 
Serum vitamin Bl2 (pg/ml) 19 363 + 239 84 - 908 140 - 520 1l 
Serum calcium (mg/dl) 24 9.0 + 0.5 8.2 — 10.1 855 = n)0%5 17 
Serum phosphorus (mg/dl) 23 Soest Olt racy LAK) 2.5 - 4.8 0 
Serum vitamin D (ng/dl) 9 CY nh 0) 9 - 38 PLO ll 
Serum carotene (ug/dl) 15 76.5 + 6 x WA Al 50 - 250 13 
Alkaline phosphatase (IU/1) 23 72, = 23 327= 11:0 40 - 110 0 
Cee ee 
i n = number of patients 


The range of normal values, from the Department of Laboratory Medicine, University of Alberta 
3 Hospital, Edmonton 
Percentage of patients with values below the reference value, except for alkaline phosphatase which 


states the percentage of patients above the reference value 
Values are means + s.d. 
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each parameter is indicated. The reference values used by the 
Department of Laboratory Medicine at the University of Alberta 
Hospital are given in the second column from the right and percentage 
of patients with values less than the reference values is given in the 
last column. One-third or more of the men had values less than the 
lower limit of the reference value for the following parameters: 

total lymphocyte count (50%), transferrin saturation (50%), serum iron 
(67%), serum carotene (38%), and serum folate (372) (Table 8). One- 
third or more of the women had values less than the lower limit of the 
reference value for total lymphocyte count (55%), serum iron (604), 


transferrin saturation (68%), and serum folate (50%) (Table 9). 


4.4 Correlations Between Selected Nutrients and Biochemical Tests 

Pearson correlation coefficients between selected nutrients and 

biochemical parameters are shown in Tables 10-13, inclusive. 

4.4.1 Correlations between dietary folate, iron, protein, 
vitamin Bes vitamin Bio vitamin C, and biochemical 
parameters 

In males, correlations were found mainly between dietary parame- 

ters: highly significant correlations were found between dietary 
protein and each of dietary folate, iron, vitamin Be and vitamin Bio} 
dietary iron and dietary vitamin Bio3 dietary iron and dietary folate; 
dietary vitamin C and each of dietary vitamin Be and serum ferritin 
(Table 10). In females, dietary folate showed a highly significant 


correlation with a number of dietary parameters, including dietary 


vitamin Byo> vitamin C, protein, and vitamin B¢ (Table 11). Serum 
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Table 10: Pearson correlation coefficients between intakes of selected nutrients 


and hematological data of male Crohn's disease patients 


Dietary parameter Hematological parameter 


Total 


Variable Vitamin Vitamin Vitamin 


: c) protein! _—i2? 


Serum Serum Serum Lymphocyte 


Folate? Iron Folate” Ferritin= B12? Count? 


Dietary parameter 


folate 1.0 0.60** 0.14 O@55** 0.27 0.12 -0.01 -0.21 -0.03 -0.23 
iron 0.60** 1.0 -0.05 O.75** O.41*%- 0.12 0.06 -0.32 0.23 -0.34 
Vitamin C 0.14 -0.05 1.0 0.27 0.25 0.85** 0.07 0.74%* -0.21 -0.35 
protein 0.55** 0.75** 0.27 1.0 0.73%* 0.41* 0.02 0.09 0.39 -0.38* 
Vitamin 

B12 0.27 0.41* 0.25 0.73** 1.0 0.22 -0.20 0.09 0.43% -0.40* 
Vitamin B6 0.12 0.12 0.85** 0.41* 0.22 1.0 0.18 0.74%* -0.25 -0.44*% 


Nn TT 


Hematological parameter 


Serum 
folate -0.01 0.06 0.07 0.02 -0.20 0.18 1.0 -0.11 -0.10 0.03 


Serum 
ferritin -0.21 -0.32 0.74%*% 0.09 0.09 0.74**% -0.11 1.0 -0.24 -0.65** 


Serum 
B12 -0.03 0.23 -0.21 0.39 0.43* -0.25 -0.10 -0.24 1.0 0.04 


Total 
lymphocyte 
count -0.23 -0.34 -0.35 -0.38% -0.40% -0.44* 0.03 -0.65** 0.04 WO 


a a 


Number of patients for correlations between nutrients was 23 
Number of patients for correlations between nutrients and hematological data varied from 17 to 20; see 


Table 8 for hematological data 


1 
iz 


* Correlation coefficient significant (p < 0.05) 
**k Correlation coefficient significant (p < 0.01) 
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Table 11: Pearson correlation coefficients between intakes of selected nutrients 


and hematological data of female Crohn's disease patients 


ee 


Dietary parameter Hematological parameter 


Total 


Variable Vitamin Vitamin Vitamin 


Folate: trans ct Protein’ B12! 


Serum Serum Serum Lymphocyte 


Folate. Ferritin- B12° Count” 


Dietary parameter 


folate 1.0 0.41* 0.82**  0.60**  0.70%*  0.74** 0.59** -0.10 0.26 -0.17 
iron 0.41* 1.0 0.12 0.81** -0.22 0.09 -0.20 -0.27 -0.01 0.13 
Vitamin C 0.82** 0.12 1.0 0.34% 0.70**  0.66** 0.52** -0.09 0.22 -0.04 
protein 0.60** 0.81** 0.34* 1.0 0.13 0.37* -0.05 -0.16 -0.06 -0.08 
Vitamin ‘ 

B12 0.70** -0.22 0.70** 0.13 1.0 0.78** 0.58*%* 0.05 0.15 -0.35 
Vitamin B6 0.74** 0.09 0.66** 0.37* 0.78%* 1.0 0.47** -0.07 0.58* -0.34 


peace we Geter) Ceci, eee eee eee eee 


Hematological parameter 


Se EE 


Serum 

folate 0.59%*  -0.20 0.52** -0.05 0.58** 0.47** 1.0 -0.01 0.14 -0.24 
Serum 

ferritin -0.10 -0.27 -0.09 -0.16 0.05 -0.07 -0.01 1.0 0.58* 0.33 
Serum 

B12 0.26 -0.01 0.22 -0.06 0.15 0.58* 0.14 0.58* 1.0 0.17 
Total 

lymphocyte 

count -0.17 Oels -0.04 -0.08 -0.35 -0.34 -0.24 0.33 0.17 1.0 

; Number of patients for correlations between nutrients was 24 


Number of patients for correlations between nutrients and hematological data varied from 17 to 22; see 
Table 9 for hematological data 


* Correlation coefficient significant (p < 0.05) 
** Correlation coefficient significant (p < 0.01) 
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folate was the only laboratory parameters which correlated with nutri- 
ent intake, and it was correlated with dietary folate, vitamin Bho» 
vitamin Be» and vitamin C (Table 11). Other pairs in which correla 
tions were observed were dietary iron vs dietary protein, and dietary 
vitamin Bio vs dietary vitamin C. 

Bas Correlations between dietary calcium, phosphorus, 

protein, vitamin D, and biochemical parameters 

As in the previous section, correlations were found mainly be- 
tween dietary parameters. In Table 12, significant correlations were 
found between the following pairs of dietary intake in males: calcium 
and vitamin D, calcium and protein, calcium and phosphorus, phosphorus 
and protein, phosphorus and vitamin D, protein and vitamin D. Signit- 
icant correlations (p < 0.05) were also observed between serum calcium 
and each of dietary calcium, dietary phosphorus, dietary protein, and 
dietary vitamin D. However, the correlations were low and since all 
of the serum calcium concentrations in the male CD patients were 
normal, clinical application of this finding is limited. Table 13 
shows highly significant correlations in females between all the 
possible pairs of dietary calcium, phosphorus and vitamin D. As well, 


serum vitamin D was correlated with serum calcium. 


4.5 Correlations Between Anthropometric and Biochemical Parameters 
Table 14 shows Pearson correlation coefficients between anthropo- 

metric and selected biochemical parameters. A highly significant cor- 

relation was found between relative body weight and arm muscle circum- 


ference in both male and female CD patients. In females, correlations 
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Table 12: Pearson correlation coefficients between selected nutrients and hematological data 


of male Crohn's disease patients 


Dietary parameter 


Hematological parameter 


Serum Total 


Variable Serum Serum Serum Alkaline Lymphocyte 
1 


as 
Calcium Phosphorus! Protein! Vitamin D Calcium? Phosphorus- Vitamin p? Phosphatase- Count” 


Dietary parameter 


Calcium 1.0 0.87** Oia * 0.86** 0.37* 0.15 0.08 -0.19 -0.40* 
Phosphorus 0.87** 1.0 0.94%* 0.78%* 0.38* 0.12 0.09 -0.17 -0.44% 
Protein 0.77** 0.94%* 1.0 0.66** 0.40* 0.02 0.29 -0.14 -0.38* 
Vitamin D 0.86%* 0.78** 0.66** 1.0 0.41* 0.10 -0.35 -0.10 -0.38 


a 


Hematological parameter 


Serun 

calcium 0.37% 0.38* 0.40* 0.41% 1.0 0.00 0.30 0.06 -0.01 
Serun 

phosphorus 0.15 0.12 0.02 0.10 0.00 1.0 -0.30 -0.07 0.27 
Serum 

vitamin D 0.08 0.09 0.29 -0.35 0.30 -0.30 1.0 -0.50 -0.05 
Alkaline 

phosphatase -0.19 -0.17 -0.14 0.10 0.06 -0.07 -0.50 1.0 -0.05 
Total 

lymphocyte 

count -0.40% -0.44*% -0.38* -0.38* -0.01 0.27 -0.05 -0.05 1.0 


er eee 


Number of patients for correlations between nutrients was 23 
Number of patients for correlations between hematological data and nutrients varied from 10 to 21; see 


Table 8 for hematological data 


1 
2 


* Correlation coefficient significant (p < 0-05) 
** Correlation coefficient significant (p < 0.01) 
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Table 13: Pearson correlation coefficients between selected nutrients and hematological data 


of female Crohn's disease patients 


Dietary parameter Hematological parameter 


Serum Total 


Variable Serum Serum Serum Alkaline Lymphocyte 


1 2 


Celciom Phosphorus! Protein: Vitamin D Calcium’ Phosphorus Vitamin p* Phosphatase- Count 


Dietary parameter 


Calcium 1.0 0.94** 0.84** 0.38* 0.16 0.05 0.01 -0.09 -0.14 
Phosphorus 0.94** 1.0 0.94** 0.48** 0.05 -0.08 -0.03 -0.06 -0.06 
Protein 0.84%* 0.94%* 1.0 0.37% -0.07 -0.10 0.13 -0.15 -0.08 
Vitamin D 0.38* 0.48** 0.37* 1.0 -0.37* -0.05 =0./72** 0.06 -0.24 


sa ena 


Hematological parameter 


Serun 
calcium 0.16 0.05 -0.07 —0.37* 1.0 0.17 0.76** 0.13 0.16 


Serum 
phosphorus 0.05 -0.08 -0.10 0.05 0.17 1.0 -0.26 0.14 -0.16 


Serum 
vitamin D 0.01 -0.03 0.13 -0.72** 0.76** -0.26 1.0 -0.62 0.39 


Alkaline 
phosphatase -0.09 -0.06 -0.15 0.06 0.13 0.14 -0.62 1.0 0.38 


Total 
lymphocyte 
count -0.14 -0.06 -0.08 0.24 0.16 -0.16 0.39 0.38 1.0 


ee ———————— eee 


Number of patients for correlations between nutrients was 24 


Number of patients for correlations between hematological data and nutrients varied from 9 to 24; see 
Table 9 for hematological data 


* Correlation coefficient significant (p < 0.05) 
** Correlation coefficient significant (p < 0.01) 


88 


‘ ts 
7 P a cs = 
7 oe 
i 
A 
i] 
é G z : ® @igettico “etsel iw cibeted 07505014) riecves ¢ 
A 
. a > @' ateys pee? VWs 


“ 
t 
< 
4 
- 
© 
6 
® 
a 
j 


. < ° “a: ~ 
£ Pes ee ee See ° 
= Dawe ee! Ree 
= 
~ 
neg *“6.0 "48.0 


2 2 — “tt. hit 4 
* 
. . 
= , J ’ 
f *#ar 0 i Boe ae PO. te 
ee. 
at .o- h Ti 43. 31. 
£0 "Oye on.6 Pe es Te Li 
a Le =e 
; « 


ad at.0 re _ bui0- 31,0 Li. MP .. 2FA~- 
. i 
an). 
Oe! Aci: ef .0 HS . 41. Vesti we a: oe 


~ =. -—» 
Se ef rt 


eS a ee $e fee Se saad pare 
use . 40 ce 2 gaxt halts) #jsa2itue hates nga tag ee a —s =. 


: Fe a 


; 7 


89 


(100°0 > d) JueoTF_USTS JUaTOTFJa90O UOTIETSAIOD yxy 
(Ta0i > 2) JUBDTFJTUSTS JUSTOTJJ9OO uoFAeTeAIOQ x 


yZ 02 QI WOIF paTieA suotTjeTei109 jo ated yoea OF squetied jo ir3squny 


*“(v/6L) OYdUeSTAg fSsaTeWey 10F wM G6{ *SeTeW AOFJ WM TT spTosyuFHXs sdadtij paepuedqs ” 
-(//61) uetazistg {saTewey A0oF wo E°TZ ‘SaTeW AOZJ WD O*/Z a0UeTazFUNIATFO eTOSNU Wie prepuedys t 
°(9961) PFFTITOr ‘spaepuejs uezT{[odoreP GC61T OF BuTprzo0dso9e qy3tTey AOFJ WYSTOmM TeIpT xy se psa zeTNoTeD : 
en. Se ees) rn ee a ns ee ee eee een eet Sk © ee Se 
97°0= 61°0- 70°0 Le 0- ¥T°0 (A Sid Ajypoedeo supputq uozz TeIOL 
€0°02 90°0 ¥99°0 61°0 ¥87°0 90°0 qunod a yAo0ydukT TeIOL 
L0°0- OT°O T0°0O 60°0- 20-03 1G 8 ufunqTe unites 
O°T OF 8T°O OR O0= ¥€9°0O 62°0 (paepueys fo %) 
projufys sdoopiy 
81°0 Oi20< O°T O°T ¥¥lL°O ,*¥9L°0 (paepueis jo %) 
7 aousIVFUNIATO sToOsnu wWiy 


oe Se ee. ee os Os De a e/a en A eee. Sermons See PRE ee ee 
aTeueay 2TeW aTeusg aTeN aTewsg aTeN 
oie Sal. Se eee Se... ee ee ee ee ee 


(paepueqjs jo 7) (paepueqs jo %) ere DATICTOY 
prosyutys sdootay ¢ aoUuetaFUNIATO 


aTosnu way 


€ 


eS ee et SE ee ee eS ee ee 


Sjuetjed sseastp s,uyorg uf ejep 


[eoTWays0Tq pue IfFajJowodosyUe UVEeMJeq SJUSTITFJJIOO UOTJeTeII09 UosAeeq iyT 9TIPL 


7 oo 


7  gBtolatde eqsotat 
+" S (etebuate Yo ¥) 


. -™ 


— 


iil 


slomom aA 
9984" Ymastiy 
*Clenebn aja ic f) - 


7 wt i 


qStatew evirafel 


U 
—- ge ee Oe — 
” - #) a 
-gint [may oy 
a a. 8083 olen : 
UI i? 
1 
eS i tte a ee ppt 
=vF “= 


“ 


0 ol *ES ec .9 
* es 
in.0 So ue ty i/ co O= td.0- 


= d ot 
Oo. Low #7 .0 “= SEQ 
a ee ceca Eg Rael 
? ; 4 
rT 4 , j 1 . i. : en .) inuis 
: i ' _—7 ,ota.am a m BS IDS Ta Az 
\ OSes r iat. 2 ostmm yo? am ‘Tt shietaioia 4oi99 ne 


‘ 3 its so) PUMVC IS LOTIOS ). 4 : Hass ai 3 snob, “0 


| - 


: . (10.0 > q) Jdostiingie Jas) skeen gal 


VAD. | W59e rSiggis 3 iwi? lises nelte 
aa 
f 
‘7 
” - - 


between the following pairs were also significant: relative weight vs 
triceps skinfold, relative weight vs total lymphocyte count, arm 


muscle circumference vs total lymphocyte count. 


4.6 Predictive Value of Grouping Crohn's Disease Patients According 
to Energy Intake or Relative Body Weight 

Tables 15 and 16 show the percentage of male and female CD pa- 
tients who have low anthropometric and biochemical values when grouped 
according to energy intake less than the RDA, equal to the RDA, or 
greater than the RDA. Energy intake appears to be of little value in 
predicting the presence of low biochemical or anthropometric parame- 
ters, as the incidence of low parameters occurs with equal frequency 
at all levels of energy intake. 

Table 17 shows the percentage of male and female CD patients who 
have low anthropometric and biochemical values when grouped according 
to greater than 90% of relative body weight and less than 90% of 
relative body weight. Relative body weight appears to be of little 
value in predicting the presence of low anthropometric or biochemical 
values in male CD patients. However, female CD patients with less 
than 90% of relative body weight have a greater incidence of abnormal 
biochemical and anthropometric values than do female CD patients with 


greater than 90% of relative body weight. 
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Table 15: Percentage of male Crohn's disease patients with low values 


for selected parameters when grouped according to energy intake 


Energy Intake (Kcal) 


Parameter 
< 2300 2300 — 3100 > BSt00 
(N = 7) (N = 8) (N = 8) 
Triceps skinfold zo 0 a7 
(< 75% of standard) Gi (7) (7) 
Arm muscle circumference 14 43 14 
(< 90% of standard) CF) (¥) Ci.) 
Serum albumin 0 0 0 
(< 3.0 g/dl) (7) (6) (6) 
Total lymphocyte count 43 63 40 
(< 1500 /mm>) (7) (8) (5) 
Total iron binding capacity 0 50 0 
(< 250 mg/dl) (5) (6) (7) 
aa a te err ne ee 
1 


Number of patients for whom selected variable was available. 
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Table 16: Percentage of female Crohn's disease patients with low values 


for selected parameters when grouped according to energy intake 


a a SS 


Energy Intake (Kcal) 


Parameter 
< 1600 1600 - 2400 > 2400 
(N = 10) (N = 9) (N = 5) 
ee a le Il a Ss Sa al ari Re aS 
Triceps skinfold 10 43 100 
(< 75% of standard) (10) (7) (3) 
Arm muscle circumference 30 29 0 
(X 90% of standard) (10) Gi) (3) 
Serum albumin 30 ila 0 
(< 3.0 g/dl) (10) (9) (5) 
Total lymphocyte count 44 67 60 
(< 1500 /mm?) (9) (9) (5) 
Total iron binding capacity 29 11 0 
(< 250 mg/dl) €7) (9) (4) 
eee eee ee es 
1. 


Number of patients for whom selected variable was available. 
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Table 17: Percentage of Crohn's disease patients with low values for 


selected parameters, when grouped according to relative weight? 


i 


Relative Weight? Relative Wereht: 
> 90% < 90% 
Parameter 
Males Females Males Females 
(N= 19) (N= 15) (N= 4) (N= 8) 
Triceps skinfold ? ay lg 67 63 
(< 752% of standard) (18)° C125 C3) (8) 
Arm muscle circumference 1"? 8 67 50 
(X 90% of standard) CTS) CIZ) (3) (8) 
Serum albumin 0 phe! 0 is 
(<2-3°0- 2 /a15 (15) (155 (4) (8) 
Total lymphocyte count 2 36 33 86 
(15008 fam) (17) (14) (3) (7) 
Total iron binding capacity P| 10 0 Ps) 
(< 250 mg/dl) (14) CLS) (4) (8) 
ee not pn ag See a Et nel ee i a aT 
1 


Calculated as % ideal weight for height according to 1959 Metropolitan 
Standards, Jelliffe (1966). 
Number of patients for whom selected variable was available. 
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4.7 Correlations Between the Crohn's Disease Activity Index (CDAIL) 
and Selected Variables 

Pearson correlation coefficients between the CDAI and nutrient 
intake, biochemical tests, and anthropometric measurements is reported 
in Table 18. 

Correlations were calculated between the CDAI and four nutrients 
- energy, protein, carbohydrate, and folate - but the only significant 
correlation was a negative one between the CDAI and energy intake in 
male CD patients. However, the correlation was quite low (=0,.38> "p< 
0.05). In addition, there was no correlation between the CDAI and the 
number of nutrients consumed in amounts less than the RDA. 

In males, the CDAI was negatively correlated with serum albumin 
(-0.64). However, since all the serum albumin concentrations were 
within the normal range, clinical usefulness of these results is 
limited. In female CD patients, the CDAI was negatively correlated 
with hemoglobin, though the correlation was somewhat low (-0.45), and 
positively correlated with serum ferritin (0.60). 

The CDAI was not correlated with either of the anthropometric 
measurements of percent relative body weight or percent of standard 
arm muscle circumference. 

The CDAI was correlated with duration of disease in male CD 


patients (0.57), but not in female CD patients. 
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Table 18: Pearson correlation coefficients between the 


Crohn's Disease Activity Index and selected variables 


ee era 


Crohn's Disease Activity Index 


Variable 
1 
Male Female 

Je. Ea eee ae eee ee ee 
Energy intake —- 0.38% Smet alee 
Protein intake code eA 0.01 
Carbohydrate intake == 0.26 cal BIGMETE 
Dietary folate =— O07 20.19 
Nutrients < RDA Oe29 Duaraul 
Serum albumin —- 0.64%* = 0.09 
Hemoglobin = 0.24 - 0.45% 
Serum folate tba 0.07 
Serum ferritin =) 28 0.60%** 
Total lymphocyte count =a Ose =O 1 
% Relative body eieht O.11 = 500 
% Standard arm muscle aiprmrerenee: 0.07 =O. 22 
Duration of disease Osi - 0.46 
MN aed nee had eh Pe fe et ee FP a ee 
: Number of pairs for each correlation varies between df Satide 2.5 « 
3 Number of pairs for each correlation varies between 17 and 24. 

Calculated as % ideal weight for height according to 1959 
4 Metropolitan Standardss, Jelliffe (1966). 

Standard arm muscle circumference: 27.0 cm for males, 21-3 cm 

for females; Bistrian (1977). 
x 


Correlation coefficient significant (p < 0.05) 


*k Correlation coefficient significant (p < 0.01) 
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5. DISCUSSION 


aol Protein 

Evidence of protein malnutrition was apparent in a significant 
proportion of patients with CD: arm muscle circumference (AMC) of 
less than 90% of the standard was observed in one-quarter of the males 
and females with CD (Appendix 1) and half of all the CD patients had 
low total lymphocyte counts (TLC, Tables 8 and 9). These abnormal TLC 
occurred despite 80% of the males and 58% of the females with low TLC 
being on steroids. However, the incidence of abnormal serum albumin 
was not consistent with the incidence of abnormal AMC and TLC, as none 
of the males and only 13% of the females had a low serum albumin con- 
centration. Other researchers, as well (Beeken et al 1972), have 
reported an unexpectedly low incidence of abnormal serum protein 
despite evidence suggesting the potential of protein deficiency. 
However, a normal serum albumin despite a decreased AMC and TLC may be 
due to increased hepatic synthesis of protein (Steinfeld et al 1960), 
and/or could reflect the adult marasmus described by Blackburn and 
BeaetranaC2.5-)) « 

Impaired dietary intake of protein was unlikely to be the major 
explanation for this high prevalence of protein malnutrition since 
protein intake in CD patients was similar to that of NC (Tables 2 and 
3) and exceeded the RDA in all men (Table 4) and 83% of the women 
(Table 5). However, 30% of the females were consuming less than the 
RDA for protein of 0.8 g/kg body weight (Appendix 3a). Reduced energy 


intake in over half of the male and female CD patients (Tables 4 and 
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5) could have contributed to protein malnutrition, as it is well docu- 
mented (Inoue et al 1973, Munro and Naismith 1953) that efficiency of 
nitrogen utilization decreases with reduced energy intakes. Further- 
more, the work of several researchers (Garza et al 1977, Hegsted 1976) 
has cast some doubt on the metabolic balance approach to establishing 
protein requirement and suggests that the RDA for protein may be 
inadequate for some individuals. Moreover, the RDA of all nutrients, 
including protein, is for healthy individuals. In CD, a number of 
factors increase the risk of protein malnutrition: these include 
enteric protein loss, catabolic effects of the inflammatory process, 
and catabolism of protein in conjunction with steroid therapy. in= 
deed, 9 out of 10 patients with reduced AMC, 80% of males and 58% of 
females with reduced TLC, and 65% of all patients ne a 
steroids. These results suggest, therefore, that it may be necessary 
for CD patients receiving corticosteroids to consume greater than the 


RDA for protein. 


5.2 Energy Intake 

Energy malnutrition was evident in CD patients, as 17% of males 
and 33% of females had relative body weight less than 90% (Appendix 
one). It should be cautioned, however, that a decreased body weight 
indicates that energy intake may be low at present, but alternatively, 
could indicate that energy intake was low at some unknown previous 
time. Thus, present caloric intake must also be considered in assess- 
ment of adequacy of energy consumption. A sizeable number of patients 


with CD consumed low intakes of energy, but the exact proportion of 
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patients judged to be at risk depends upon the definition of normal or 
adequate energy intakes. In female CD patients, the mean energy 
intake was less than the median value of the RDA, but was comparable 
with that of NC (Table 3) and greater than the lower limit of the RDA 
for energy intake. For male CD patients, the mean energy intake was 
greater than the median value of the RDA, but was certainly less than 
the mean energy intake of NC (Table 2) and above the lower limit of 
the RDA for energy intake. However, 46% of the female patients with 
CD consumed less than 1600 kcal/day, and 67% consumed less than 2000 
keal/day; the comparable figures for male CD patients were 30% less 
than 2300 kcal/day and 51% less than 2700 kcal/day. However, these 
figures do not take individual energy requirements into account. 
Energy intake with respect to individual energy requirements will be 
discussed shortly. 

The assessment of the adequacy of energy intake for an individual 
patient depends upon their energy requirements. There are numerous 
factors which influence energy requirements: body weight, physical 
activity, age, sex, and state of health. Crohn's disease may modify 
an individual's energy requirements due to the presence of an inflam- 
matory process, malabsorption, enteropathy, and the use of certain 
medications. There are only a limited number of ways in which energy 
requirements may be estimated. There are no previous reports of 
determination of energy requirement by direct or indirect calorimetry 
in patients with inflammatory bowel disease. In the long tern, 
changes in body weight suggest alterations in energy requirements, but 


such changes in body weight may only reflect a change in body composi- 
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tion. Indeed, weight change frequently occurs in conjunction with 
active CD (Best 1976) and may reflect alterations in energy require- 
ment due to the disease process. The calculation of basal energy 
expenditure (BEE) using the Harris-Benedict standards (Rutten et al 
1975) has been applied to the estimation of energy requirements of 
healthy individuals. The BEE is then multiplied by a coefficient 
which varies with disease state; coefficients have been calculated for 
surgical or burn patients (Rutten et al 1975, Wilmore et al 1974), and 
the value of this coefficient may vary from 1.54 BEE to 2.5 BEE. The 
BEE for our patients with CD was 1361 kcal/day for women and 1698 
kcal/day for men, but no coefficient has been calculated for CD pa- 
tients, and thus we are only able to approximate the energy require- 
ments of CD patients using this technique. However, a study of chil- 
dren with CD found basal metabolic rate to be normal (Kelts et al 
1979). Therefore, using a coefficient of 1.5 BEE (Rutten et al 1975) 
to calculate energy requirement, 52% of the males and 62254 of athe 
females were consuming less energy than they required. This is simi- 
lar to the percentages of males and females consuming less than the 
median value of the range of the RDA. 

Accordingly, it is difficult to confidently agree upon the opti- 
mal energy intake for patients with CD. Other studies have suggested 
that energy intake by CD patients is either normal (Martini et al 
1976; Thornton et al 1979) or high (Kasper et aileel 979.) gxandnall cot 
these former studies demonstrated a greater energy intake than did the 
present investigation. In these other studies the energy intakes were 


not analyzed separately for males and females, and as the proportion 
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of men and women with CD varied from study to study, this clearly 
would have influenced the mean energy intake of a combined group. The 
duration and site of the disease was not detailed in the previous work 
and may have influenced energy intake as well. In addition, these 
previous studies were conducted in England and West Germany, and 
energy intake in normal healthy individuals may vary with location, 
even within regions of a given country (Canada, Dept of National 
Health and Welfare, Ottawa, 1973). Finally, energy intake may be 
influenced by the activity of the underlying disease process, and the 
activity of the CD was not reported in the previous studies. The mean 
Crohn's Disease Activity Index (CDAI) in our patients was 46 (0-188) 
and 118 (0-434) for males and females, respectively. This indicates 
that our patients had mild to moderate disease activity, but there was 
no correlation between disease activity and energy intake. Thus ener- 
gy intake did not appear to simply reflect underlying disease activi- 
ty, and some other factor(s) must be sought to explain the wide vari- 
ation of energy intake in patients with CD. 

A further question to consider is the potential relationship 
between energy intake and body weight. In this study there was no 
significant correlation between relative body weight and either energy 
intake or energy intake/BEE. This lack of correlation persisted even 
when patients with less than 80% relative weight and greater than 1204 
relative weight were excluded. What are the possible explanations for 
this surprising finding? A change in energy intake will require time 
to be reflected as a change in relative weight. Some CD patients may 


purposely gain weight during periods of quiescent disease activity, or 
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may inadvertently gain weight from fluid retention or increased appe- 
tite due to steroid therapy. This lack of correlation between energy 
intake and relative weight may also reflect changes in energy require- 
ment: the expected positive correlation between relative weight and 
energy intake or energy intake/BEE assumes a constant energy require- 
ment. The energy requirement of individual patients with CD is likely 
changing over time as a result of malabsorption or enteropathy, and 
thus the ratio between energy intake and requirement would also 
change, thereby preventing the demonstration of the expected correla- 
tion between intake and relative weight. The practical clinical 
implication of this finding must be stressed: the relative weight of 
a patient with CD is not a good reflection of the adequacy of their 
energy intake. 

The percentage of energy intake comprised of protein was similar 
in male and female CD patients and those healthy individuals studied 
in the NC survey (Appendix 32). Both male and female CD patients 
consumed about 5% more of their energy as carbohydrates (CHO), and 
about 5% less of their energy as fat (Appendix 32). It is not pos- 
sible to determine whether this was statistically different from the 
results of NC. However, other dietary studies have suggested a higher 
CHO consumption by CD patients (Kasper et al 1979, Martini et al 1976, 
Mayberry et al 1980, Thornton et al 19/79), and specifically a higher 
intake of refined sugar. We were not able to specifically analyze our 
patients' intake of refined sugar, but their intake of “Foods primari- 
ly sugar” was actually slightly less than that consumed by NC partici- 


pants. However, a striking difference was present in the greater 
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fruit consumption by our CD patients (Table 6). It is likely that the 
increased carbohydrate intake in our CD patients was due to their 
greater intake of fruit. This greater intake of fruit was largely 
comprised of fruit drinks which contain relatively large amounts of 
refined sugar. 

Unfortunately, fruit drink consumption of NC participants was not 
available, and it was not possible to determine whether CD patients 
consumed more fruit drinks and/or more refined sugar than did NC. 
However, we have confirmed that CD patients consumed increased amounts 
of CHO, and, clearly, future studies must attempt to determine if a 
larger intake of refined sugar is responsible for the increased CHO 


consumption. 


5-3 Iron 

The mean daily iron intake of male patients with Crohn's disease 
(CD) was well above the recommended daily allowance (RDA), and almost 
100% of these patients consumed the full RDA of iron. However, in the 
female patients with CD, the mean daily iron intake was considerably 
lower than the RDA (Table 3), with only 17% of the women consuming the 
full RDA and a full 25% consuming less than half the RDA (Table 5). 
By comparison, the mean daily iron intake of Nutrition Canada (NC) 
participants was similar to that of the CD group for both males and 
females. However, the iron deficiency which occurs in some patients 
with CD (Thomson et al 1978, Bartels et al 1978) may still be on the 
basis of this observed reduction in iron intake. This point is sub- 


stantiated from the NC survey in which iron intake was less than the 
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RDA in some participants who were also found to have abnormal hemo- 
globin concentration, mean corpuscular hemoglobin concentration 
(MCHC), and % transferrin saturation. These hematological abnormali- 
ties were taken as evidence for iron deficiency in the NC survey, and 
while this assumption may be valid in healthy individuals, it may not 
necessarily apply in CD. For example, although abnormalities in serum 
iron concentration, iron binding capacity, % transferrin saturation, 
and hemoglobin concentration are known to occur in CD patients with 
iron deficiency, such abnormalities occur with equal frequency in 
patients with anemia secondary to the chronic inflammatory disease 
process (Child et al 1973, Thomson et al 1978). Indeed, the most re- 
liable method of assessing body iron stores is still the estimation of 
bone marrow hemosiderin. This study was not designed to test specifi- 
cally for iron deficiency and did not include bone marrow smears. 
However, this study did include the measurement of serum ferritin con- 
centrations, which correlate closely with reticuloendothelial iron in 
healthy persons. In the present study, serum ferritin concentrations 
were above the reference value in all male patients (Table 8) and were 
within the range diagnostic of iron deficiency in only 18% of the 
female patients (Table 9). Other studies vary considerably in the 
reported prevalence of low serum ferritin concentrations. Bartels et 
al (1978) found low serum ferritin in 29% of males and 44% of females 
with CD. In a comparable Canadian study (Thomson et al 1978), serum 
ferritin was low in only 10% of CD patients. In the present study, 
dietary iron intake was greater than the RDA in nearly all the males 


(Table 4), so it was expected to find the serum ferritin values in the 
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normal range. However, there was a poor correlation between dietary 
iron and serum ferritin concentration (Table 10). In females, iron 
intake was less than the RDA in 83% (Table 4), but the serum ferritin 
concentration was low in only 18% (Table 9), and there was once again 
a poor correlation between serum ferritin concentration and iron 
intake (Table 11). Thus serum ferritin concentration is not a useful 
parameter for prediction of iron intake. Furthermore, the serum 
ferritin may also be of limited value to predict the presence of 
established iron deficiency in patients with CD (Thomson et al 1978). 
Why is the serum ferritin concentration a poor indicator of the 
presence of inadequate iron intake? While a good correlation is 
present between body iron stores and serum ferritin concentration in 
healthy individuals (Valberg et al 1976), the serum ferritin concen- 
tration may be inappropriately elevated in a host of diseases (Jacobs 
et al 1976, Bentley and Williams 1974), including CD (Thomson et al 
1978). The inappropriately elevated serum ferritin in some patients 
with CD may be due to reticuloendothelial dysfunction or mild hemo- 
lysis secondary to the use of Salazopyrine (Das et al 1973). Finally, 
the body iron stores may be adequate to maintain a normal serum ferri- 
tin for several months after the patient begins to consume a diet con- 
taining inadequate iron, and therefore the lower prevalence of proven 
iron deficiency than the prevalence of low iron intake may simply 
reflect the time required for inadequate intake to be translated into 
established iron deficiency. Of even greater interest, however, is to 
speculate on the pathophysiology of the known iron deficiency in some 


patients with CD. This study convincingly demonstrates that the daily 
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iron intake is low in a large proportion of female patients with CD 
(Table 5). Furthermore, some malabsorption of dietary iron may have 
occurred as a result of the inadequate intake of ascorbic acid by 
these patients (Table 5). Malabsorption of iron has been demonstrated 
previously in a small number of children with ulcerative colitis 
(Ormerod 1967), but there is no comparable data for CD. Finally, the 
requirement for iron may be increased in these patients due to their 
loss of excessive iron and blood as a result of their enteropathy 


(Beeken et al 1972). 


5-4 Folate 

An alarmingly large proportion of patients with CD were consuming 
low amounts of folate (Tables 4 and 5). For example, none of the male 
CD patients consumed the RDA for folate, and less than 50% consumed 
half the RDA. Only eight percent of the female patients with CD were 
consuming the full RDA for folate, and only slightly more than half 
the patients were consuming one-third of the RDA. In comparison, the 
mean folate intake of males from the NC survey was 221 ug versus 211 
ug in the CD group. Females from the NC survey actually consumed 
slightly less folate per day than did the female CD patients: 146 ug 
and 185 ug, respectively. Thus, the mean daily folate intake of the 
CD group was very similar to that of NC, although the folate intakes 
of both groups were less than the RDA. On the basis of the lack of 
biochemical evidence of folate deficiency in NC participants, it has 
been suggested that the RDA for folate is, in fact, too high (Thompson 


and Hoppner 1979). However, not even 50% of the CD patients were 
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consuming half the RDA for folate, which, even by liberal standards 
places them at risk of developing folate deficiency (Herbert 1962). 
Moreover, low serum folate levels were found in 37% and 50% of the 
male and female CD patients, respectively (Tables 8 and 9). There- 
fore, a large proportion of patients with CD who consume only half the 
RDA are likely to develop low serum folate concentrations. If the RDA 
for folate is too high, as suggested from the results of the NC survey 
(Thompson and Hoppner 1979), then half the RDA is clearly too low for 
CD patients to maintain normal folate balance. 

The occurrence of low serum folate concentrations in CD patients, 

as well as low red cell folate and megaloblastic anemia is well-docu- 
mented (Hoffbrand et al 1968, Dyer et al 1972, Cooke 1975). Various 
speculations of folate deficiency include decreased folate intake, 
malabsorption, increased loss from the inflamed gut, and increased 
requirement due to rapid red cell turnover due to the use of SAS. 
None of the above investigators, however, examined dietary folate 
intake in patients with CD. Thus, it is significant that the present 
study first demonstrated evidence of low dietary intakes of folate, 
and second, demonstrated a highly significant correlation between 
serum folate concentration and dietary folate intakes in female CD 
patients (Table 11). Ina recent study of elderly people in Sweden, a 
low correlation was found between dietary folate intake and serum 
folate concentrations in women, but the correlation was not signifi- 
cant (Borgstrom et al 1979). 

While it is tempting to speculate that a low serum folate concen- 


tration represents folate deficiency, it must be remembered that serum 
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folate is not a valid reflection of long-term folate deficiency or of 
body folate stores (Herbert 1962). SAS is thought to alter the ab- 
sorption of dietary folate (Dhar et al 1976). While it might be 
suggested that the lack of a significant correlation between dietary 
folate and serum folate concentration in male CD patients might be due 
to their ingestion of SAS, similar proportions of male and female CD 
patients were consuming SAS, and yet there was a significant correla- 
tion between dietary folate and serum folate in female CD patients. 
Notwithstanding the fact that the presence of a low red cell folate 
concentration, megaloblastic anemia, and the exclusion of vitamin Bi» 
are needed to confirm the existence of established folate deficiency, 
a low serum folate concentration may be the first sign in the biochem- 
ical spectrum of the development of folate deficiency. Thus the 
demonstration of a low serum folate concentration in a patient with CD 
must signal the likelihood of a low folate intake, and the patient's 


potential risk of developing folate deficiency. 


5.5 Vitamin Bio 
Unlike many of the other nutrients, the mean intake of vitamin 
Bi» (B) 5) was well above the RDA in both male and female CD patients 
(Tables 2 and 3, respectively). These mean intakes are at the low end 
of the range of estimated average U.S. intake of 5-15 ug/day (U.S. RDA 
1980), though the range may be as low as 1 ug or as high as 100 ug. 
However, Bi» intakes of the CD group were slightly higher than the 


estimated average of 3.1 ug/day in Great Britain (Adams et al 1973). 


Although the RDA for Bio of 3.0 ug/day is probably greater than needed 
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by many adults, it has been set high to allow for variation in hemato- 
poietic response and ileal absorption. It has been suggested that a 
Bio intake of one ug/day is probably adequate in the healthy adult 


(Herbert 1968). For one thing, as intake of vitamin B decreases, 


i= 


absorption increases (RDA 1980). Moreover, the enterohepatic circula- 
tion of bile supplies 0.5-5.0 ug/day of Bio (Herbert 1968). Thus 
intakes of less than the RDA might be quite adequate in the healthy 
adult. However, in CD, this normal process may be interrupted in 
several ways: malabsorption of Bi» due to ileal dysfunction or resec- 
tion, lack of gastric intrinsic factor, or bacterial overgrowth. 

Thus, it would be unwise to condone B,5 intake of less than 3.0 ug/day 


in the CD patient. While the mean intakes of Bi 5 were normal in pa- 


tients with CD, the prevalence of adequate intakes was abnormal. In 
Tables 4 and 5, it is shown that 74% of males and only 50% of females 


were consuming the RDA of vitamin B Examination at the level of 


20 


2/3 RDA again points out the consistently poorer intakes of females, 
with only 58% consuming this level as compared to 96% of males. It 


must be stressed that deficiency of vitamin B takes years to develop 


Pe 


(Herbert 1968). However, 11% of the CD patients had serum B concen- 


12 


trations less than the reference value (Tables 8 and 9). Other inves- 
tigators have found low serum Bio concentrations in 16-20% of CD pa- 
tients (Dyer 1973, Cooke 1975). In this study, both of the males with 
a low serum concentration of Bio were consuming less than the RDA of 


B A Shillings test without added intrinsic factor was normal in 


i. 


one of these male patients, so it can be concluded that low serum Bi> 


was due to inadequate dietary B In contrast, Bio intake in both 


atl 
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female patients with low serum Bio was normal. Biochemical parameters 
for assessment of malabsorption were not available in either case. 

However, both females, as well as both males with a reduced serum Bi> 
concentration had ileal involvement or resection, and it is likely 
that they suffered from B,5 malabsorption. How is the low serum Bio 


concentration explained in the two women with normal Bi intake? Both 
females had folate intakes less than the RDA and low serum folate con- 
centrations. A primary deficiency of either (By or of folate) will 
have a facilitative effect on a secondary deficiency of the other 
vitamin (Herbert 1973). Because folate intake was low and Bio intake 
was not, folate deficiency in these two females might be suspected as 
the primary nutritional defect. In addition, these patients had ileal 
involvement. Thus, it appears that a mixed deficiency exists in these 
women. 

Though the other CD patients consuming less than the RDA for BL» 
did not have biochemical evidence of Bi» deficiency, it is likely that 
in time there would be progressive depletion of Bi> body stores, 
especially in the presence of malabsorption. Thus, the presence of 
Bi> malabsorption must be suspected, since over 90% of the CD patients 
had involvement of the ileum. Therefore, those patients consuming 
less than the RDA of Bio would be at additional risk of developing B 


12 


deficiency. 


5.6 Vitamin C 
The mean vitamin C intake of CD patients was one and a half times 


greater than that of NC participants, and both means were well above 
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the RDA (Tables 2 and 3). It should be cautioned, though, that this 
does not preclude underconsumption of vitamin C, as 13% of male CD 
patients (Table 4) and 33% of female CD patients (Table 5) were con- 
suming less than the full RDA. Other studies have shown that signifi- 
cant percentages of CD patients are consuming less than the RDA of 
vitamin C, as well (Hughes & Williams 1978, Linaker 1979). For 
example, Linaker showed that 50% of patients with CD were consuming 
less than the RDA of vitamin C. Although there was no significant 
difference in vitamin C intake between controls and CD patients in 
Linaker's study, 7 out of 10 CD patients had low leucocyte ascorbic 
acid (LAA) levels. Likewise, Hughes and Williams (1978) found LAA 
levels to be lower in CD patients than in controls. Indeed, in 
Hughes' study, 63% of the CD group were consuming less than the RDA of 
vitamin C. Unfortunately, we were not able to perform measurements of 
LAA levels in our patients. It must be pointed out that the RDA of 
vitamin C is far in excess of that needed to prevent scurvy (Bartley 
1953). In fact, only one patient who did consume less than 10 ng 
vitamin C/day (the minimum necessary to prevent scurvy) showed clini- 
cal signs of scurvy (Linaker 1979). All of the patients in the 
present study were consuming greater than 10 mg of vitamin C/day 
(Appendix 10), and thus it was to be expected that none of our pa- 
tients demonstrated clinical signs of ascorbate deficiency. 

Scurvy is a late indicator of vitamin C deficiency and the above 
studies show that low vitamin C intake is associated with low LAA 
levels, which may be an earlier indicator of vitamin C deficiency and 


clinical disease, i.e. scurvy. Moreover, it is possible that vitamin 
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C intakes greater than scorbutic levels could be affecting utilization 
of other nutrients, such as folate and iron. It is well known that 
vitamin C facilitates absorption of food iron (Rossander et al 1979). 
In addition, vitamin C is believed to be necessary for the prevention 
of irreversible oxidation of tetrahydrofolate and thus, removal from 
the folate metabolic pool (Stokes et al 1975). Thus a decreased vita- 
min C intake could cause secondary iron and folate deficiencies, both 
of which are known to occur in CD. In the present study, a highly 
significant correlation was found between dietary vitamin C and serum 
folate (Table 11), which possibly reflects the relationship suggested 
by Stokes et al (1975). However, an even higher correlation between 
dietary vitamin C and dietary folate (Table 11) is undoubtedly reflec- 
ting the extent to which vitamin C and folate occur in common foods, 
as well as the general quality of the diet. Thus, due to either de- 
creased utilization of folate in vitamin C deficiency, or concomittant 
reduction of dietary intake of vitamin C, deficiencies of these two 
nutrients (folate and vitamin C) could and do occur simultaneously 
(Tables 4 and 5). In view of the highly significant correlations 
between vitamin C intake and folate intake, folate intake and serum 
folate, and vitamin C intake and serum folate (Table 11), patients 
with a low serum folate concentration might also be at risk of 
developing or having vitamin C deficiency. It may be concluded that 
CD patients who are consuming less than the RDA of vitamin C are at 
risk of developing deficiencies of either vitamin C and/or other 


nutrients. 
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5./ Vitamin By 

The mean vitamin Be consumption in CD patients was less than the 
RDA (Tables 2 and 3) and only a small number of patients consumed the 
RDA of vitamin Be (Tables 4 and 5). There is a paucity of data 
describing the vitamin Be requirements of the human, there are incon- 
sistencies in the determination of the vitamin Be content of foods, 
and vitamin Be intakes of populations have not been widely described. 
Thus, it is not surprising that data were not available for comparison 
to NC. However, occurrence of vitamin Be deficiency is rare and has 
previously been reported in alcoholics (Li 1978) and in the elderly 
(Driskell 1978), thus suggesting that the RDA for vitamin Be is too 
high. Since vitamin Be requirement is increased as protein intake 
increases (Baker et al 1964), an alternate way to assess vitamin Be 
adequacy involves examining the relation of vitamin Be to the amount 
of protein consumed (Donald 1978): using a ratio of 0.02 mg of vita- 
min B,/gram of protein, the vitamin Be requirements of male and female 
CD patients would be 2.0 mg and 1.5 mg, respectively, which coincides 
with the vitamin Be allowance of the Dietary Standard for Canada 
(Bureau of Seer ciodal Sciences 1975). However, even the lower 
Canadian allowance is met by only 26% of the men and 21% of the women 
in the present study. It should be kept in mind that many CD patients 
had protein intakes less than the mean protein intake for the CD 
group, but more than the RDA for protein, and at protein intakes equal 
to the RDA, vitamin Be requirements would be 1.1 mg/day and 0.8 mg/day 


for males and females, respectively. However, even assuming this 


lowest acceptable protein consumption, intake of vitamin Be would 
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still be low for 26% of male and 46% of female CD patients. Thus, 
although the adequacy of vitamin Be will vary with protein consump- 
tion, clearly a significant number of CD patients are consuming levels 
of vitamin Be which places them at risk of developing vitamin Be 
deficiency. Furthermore, steroid therapy appears to increase vitamin 
Be requirement, placing those patients on steroid therapy at addi- 
tional risk of developing dietary deficiency of vitamin Be (Rose 
1972). The present study did not include biochemical parameters such 
as pyridoxal phosphate and xanthurenic acid to establish vitamin Be 
deficiency, and thus it was not possible to confirm suspected inade- 
quacy of dietary vitamin Be intakes. However, pyridoxine deficiency 
may give rise to cutaneous lesions such as aphthous ulcers, as well as 
anemia, both of which occur in patients with CD. It should also be 
pointed out that there is considerable overlap in the clinical defi- 
ciency symptoms of the B-vitamins, and thus, distinguishing one B- 
vitamin deficiency from another is often difficult. Furthermore, a 
decreased intake of several B-vitamins may occur simultaneously. 


Thus, when a deficiency of one B-vitamin is suspected, deficiencies of 


the other B-vitamins should also be suspected. 


5.8 Anemia 
Anemia is common in patients with CD (Brooke et al 1977). Numer- 
ous nutrients are essential for the maintenance of a normal hemoglobin 


concentration, and these include iron, folate vitamin B » ascorbic 


1 


acid, protein, vitamin Be» and trace elements such as copper. Estab- 


lished deficiencies or low dietary intakes of most of these substances 
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have been observed in patients with CD (Tables 4 and 5), and often the 
anemia may be multifactorial in origin. This study was not specifi- 
cally designed to establish the role of vitamin Be» protein, or trace 
elements in the etiology of the anemia. In some patients, the anemia 
was due to deficiencies of iron, and possibly folate or vitamin Bio: 
The majority of patients with anemia and CD are thought to have the 
anemia of chronic disease (Child et al 1973, Dyer et al 1972, Thomson 
et al 1978). Clearly, however, future studies must focus on the 


potential role of correction of deficiencies of pyridoxine, protein or 


trace elements and the reversal of the anemia. 


5.9 Thiamin 

The mean thiamin intake of male and female CD patients was 
greater than both the RDA and that of NC (Tables 2 and 3). Thus, it 
was somewhat surprising that almost half of the patients in both the 
male and female groups consumed less than the RDA for thiamin (Tables 
4 and 5). Does thiamin consumption less than the RDA place individu- 
als at risk of deficiency? Thiamin deficiency was once considered to 
be rare in spite of low thiamin intakes. However, the NC Survey 
(Canada, Dept of National Health and Welfare, 1973) observed decreased 
urinary thiamin excretion and clinical signs suggestive of thiamin 
deficiency in some individuals with thiamin intakes considerably less 
than RDA. A thiamin intake less than the full RDA, however, does not 
necessarily place an individual at risk of deficiency. The RDA is 
based on a high level of energy intake and since thiamin requirement 


varies with caloric intake (RDA 1980), the RDA for thiamin involves a 


psy 
4 


_ 


eyto bes ,(@ bes + aaldet) (ite eiantsee ar enti 
-rijos7s ton asw gberte ala? elging ut doitioisatsa Lom 
3) 16 , pho, «39 ahmeaky te Sfe1 i+ ted Lessua a2 
ae ats -ernebimg sme Mf > ioe oft to vgololts sian na 
i gimasiv 10 otplo? vid ineee foe qmott Yo actacalziteab 2 
f° gund cd Sfgeod?, are 72 Ss alsnos dtiw esnotieg : ne 
“i. 


nosmandt SUG! te oo wey ,GVRR- ke se Bias) seszutb vinoids dos 


edi aw ovaet eum emetulaamigal .rvewed  hameley s 


aod 20g estorstagtey le aattres1e4 30) af 
= ; : 
-3.eene ofa 30 daazove? sd3. bas ¢2 
Sai Ok 


enw etastiag 49 oieent fos eles te iailagat (chants nae 
sf .aneT «(© Soe © sete). Oaae faita: Soe AGS ond = 
is dood at ejeekgan’ Sd’ to ini teewia 2083 anigiaq ie 
ideT) otmetda Yet — si> usitg asset opemgere> Rquety si ms: ke & 
-phivinnt soake AGS oils jars aaah. <n aay 
1 tetshtanta von se 3 slotdob mivetd® Avshotaltebi2e 
avave 34 ada .eweugl .eadgard pet aes 
boansiasb Laviseds (OU) 2hmaaea ue totenit tek 2 
abwelis th svi teagque ange totais tn 997 
uel yidnwbtetes raxntah Meese # 
‘jon aseb ,tavened 8 tt 


st sOu oft 


= 


= 
< 


< 


certain margin of safety. Thus, thiamin intakes of less than 2/3 RDA 
which were generally associated with energy intakes less than the 
lower range of the RDA, in both male and female CD patients, were 
within the recommended ratio of 0.5 mg thiamin/1000 keal, except for 1 
male and 2 female patients. In contrast, almost half of the men and 
women in NC had low thiamin intakes in relation to energy intake. 

This is not to say that a thiamin intake in CD patients less than the 
RDA should be condoned on the basis that energy intake is less than 
the RDA, but simply recognizes that thiamin intake in the present 
study is in proportion to energy intake, and on this basis may be 
adequate. However, two female patients and one male patient consumed 
very close to the daily minimum thiamin requirement of 0.3 mg/1000 
kcal that is necessary to prevent signs of thiamin deficiency (Dietary 
Standard for Canada 1975), and these patients are thus definitely at 
risk of developing thiamin deficiency. Beriberi was not present in 
any of the CD patients, but this is a very late indicator of thiamin 
deficiency. Early biochemical indicators of thiamin deficiency such 
as erythrocyte transketolase activity were not assessed in this study 
to confirm the suspicion of thiamin deficiency in these three patients 
with potentially low intakes of thiamin. It may be of even greater 
importance that several of the earliest symptoms of decreased thiamin 
intake are depression and irritability, loss of appetite, and loss of 
weight (Briggs and Calloway 1979), and these symptoms are frequently 
experienced by CD patients. Thus, these symptoms could be subclinical 
indicators of thiamin deficiency and could signal a need to assess 


thiamin adequacy in the CD patient. 
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5.10 Riboflavin 

The mean riboflavin intake of both male and female CD patients 
was greater than the RDA (Tables 2 and 3). Although the mean ribo- 
flavin consumption of male CD patients was less than that of NC (Table 
2) and the corresponding intake of female CD patients was equal to 
that of NC (Table 3), a considerably higher percentage of female (39%) 
than male (17%) CD patients consumed less than the RDA of riboflavin 
(Tables 4 and 5). Does riboflavin consumption of less than the RDA 
place individuals at risk of developing riboflavin deficiency? The 
answer is not clear. Almost half of the male and female NC partici- 
pants consumed less than the RDA of riboflavin, but urinary riboflavin 
excretion was normal and clinical signs of riboflavin deficiency were 
absent (Canada, Dept of National Health and Welfare 1973). However, 
erythrocyte glutathione reductase activity is probably a more sensi- 
tive indicator of riboflavin deficiency than urinary riboflavin excre- 
tion (Bamji 1969) and had it been determined in the NC study would 
have been more conclusive of dietary adequacy or inadequacy. Although 
the RDA for riboflavin has been related to energy intake (RDA 1980)% "a 
total daily riboflavin intake of approximately 1.2 mg regardless of 
total caloric intake allows a safety margin of 20%, based on evidence 
that intakes of 1.0 mg riboflavin/day increase urinary riboflavin 
excretion and erythrocyte riboflavin in deficient subjects (Pargaonkar 
and Srikantia 1964). Riboflavin consumption in all male CD patients 
exceeded or was very close to 1.0 mg/day (Appendix 9). However, 
several females had riboflavin intakes of 0.5-1.0 mg/day (Appendix 9). 


While a minimum riboflavin intake of 0.5-0.6 mg/1000 kcal has been 
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shown to maintain erythrocyte glutathione reductase activity within 
the normal range (Bamji 1969), and all females in the present study 
exceeded this ratio, it is not clear whether the total daily ribo- 
flavin intakes of 0.5-0.7 mg in female CD patients consuming less than 
1000 kcal will produce a riboflavin deficiency. Thus, although all 
female CD patients exceeded the ratio (of 0.5 mg riboflavin/1000 
kcal), those 17% whose total riboflavin intakes were 0.5-0.7 mg are at 
risk of developing riboflavin deficiency. However, biochemical param- 
eters for the assessment of riboflavin status were not part of the 
experimental design, so it was not possible to confirm riboflavin 
deficiency. 

Milk supplies about 40% of all the riboflavin in the food supply 
(Briggs and Calloway 1979), and some CD patients may restrict milk due 
to lactose intolerance (Sitrin et al 1980). Thus, it was somewhat 
surprising that more patients did not have a low riboflavin consump- 
tion. Indeed, the mean consumption of dairy products in the CD group 
did not really differ from that of NC (Table 6). Only three patients 
in the present study (one male and two females) stated they had lac- 
tose intolerance, though their respective riboflavin intakes were well 
above the RDA and they consumed moderate amounts of dairy products. 
However, of the three male patients whose riboflavin intakes were 
0.9-1.1 mg/day and the four female patients whose riboflavin intakes 
were 0.5-0.7 mg/day, milk was not consumed at all or was consumed in 
small amounts in tea or coffee. This percentage is similar to the 
estimated 15-25% of people in the general population who use milk 


sparingly or not at all (Briggs and Calloway 1979). Thus, in the 
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present study, the low riboflavin intakes did not occur in those 
patients who were purportedly lactose intolerant, but rather in those 
patients who had an apparent dislike for dairy products and this 
dislike occured not more frequently in CD patients than in the general 


population. 


5.11 Pantothenic Acid 

As with most other nutrient intakes in the present study, the 
female CD patients fared worse than the male CD patients, with almost 
2/3 of the women and 1/2 of the men consuming less than the lower 
limit of the RDA for pantothenic acid (PA) (Tables 4 and 5). Panto- 
thenic acid intake is generally in proportion to the intake of the 
other B-vitamins, and thus in view of the prevalence of low intakes of 
some of the other B-vitamins in the present study such as thiamin, 
riboflavin, vitamin Be» vitamin Bio» and folate, it was not surprising 
to find intakes of PA less than the RDA. How does the intake of PA in 
the present study compare with other intakes of PA? The average U.S. 
diet provides about 7 mg/day PA, ranging between 5 and 20 mg/day (Fry 
et al 1976). While the mean PA intake for male CD patients (Table 2) 
falls within this range, that of the female CD patients is somewhat 
below this range (Table 3). However, on the basis of similar intakes 
of other nutrients (Tables 2 and 3), the mean PA intake of CD patients 
is likely similar to that of NC participants. Therefore, the question 
is whether intakes of PA less than the RDA will place individuals at 
risk of deficiency. While the essentiality for PA is well established 


(Denko et al 1947, Fry et al 1976), the amount of requirement is not 
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well established and thus there are little data available on which to 
base predictions of the effect of PA intakes less than the RDA. In- 
deed, in the absence of enough scientific evidence to establish a 
recommended allowance, a provisional allowance for nutrient intakes, 
such as PA, is based on normal intakes of that nutrient by a popu- 
lation without signs of deficiency (RDA 1980). However, diets as low 
as 1 mg/day of PA for several months have not resulted in clinical 
deficiency (Denko et al 1947), and clinical deficiency symptoms have 
only been produced in man by feeding metabolic antagonists (Hodges et 
al 1959) or a purified diet (Fry et al 1976). On the basis of lack of 
clinical evidence, however, it could be premature to assume adequacy 
of low PA intakes, as subclinical deficiency could be present, but 
unrecognized. Unfortunately, the biochemical standards for PA are not 
well defined and therefore are not conclusive for PA deficiency. It 
could be of some importance to CD patients that included in the spec- 
trum of deficiencies in experimental animals are gastrointestinal 
disturbances - gastritis with enteritis and diarrhea (Ellestad-Sayed 
1976). It is possible that a subclinical deficiency of PA could be 
contributing to these symptoms in CD. 

In the absence of biochemical standards for PA it is not possible 
to determine whether or not PA consumption less than the RDA will 
place an individual at risk of deficiency. However, since PA is 
provided in proportion to other B-vitamins (Cohenour and Calloway 
1972), a diet which focuses on adequacy of B-vitamins in general 


should ensure adequate PA. 
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5.12 Calcium Homeostasis 

The mean calcium intake in CD patients was well above the RDA for 
men (Table 2), but the mean was less than the RDA for women (Table 3). 
Both mean calcium intakes were consistent with those of NC partici-= 
pants (Tables 2 and 3). However, of CD patients, almost half the men 
and two-thirds of the women were consuming less than the RDA of cal- 
cium (Tables 4 and 5). In the healthy individual, without CD, con- 
suming a calcium intake of considerably less than the RDA probably 
does not place the individual at risk of developing calcium defi- 
ciency, since calcium balance can be maintained in men and women on 
200-400 mg/day (FAO/WHO 1962) and FAO/WHO (Food and Agriculture 
Organization/World Health Organization) recommends calcium intakes of 
only 400-500 mg/day. Therefore, the extent of the impaired calcium 
intake in the patient with CD may be more fully appreciated by the 
finding that only 33% of the females and only 9% of the males consumed 
less than half the RDA for calcium. 

It must be stressed that in patients with CD there is the addi- 
tional risk of their having vitamin D or protein deficiency on the 
basis of impaired intake. Indeed, in this study it was found that 
only 57% of men and 30% of women consumed the RDA for vitamin D 
(Tables 4 and 5). Similar to the case for calcium intake, 17% of 
males and 29% of females consumed less than half the RDA for this 
vitamin. Furthermore, evidence for protein malnutrition, based on 
abnormal AMC, was found in one-quarter of patients with CD, whereas 
over half these patients had a reduced total lymphocyte count (Tables 


8 and 9). Thus, patients with CD are at risk of developing multiple 
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deficiencies of calcium, vitamin D and protein, and any CD patient 
consuming less than half the RDA for calcium is potentially at risk 
for developing impaired calcium balance. 

Impaired calcium balance may develop after only a prolonged 
period of impaired intake of calcium, vitamin D, and protein (Tietz 
1976). Were there any signs of calcium deficiency in these patients 
with CD? There are a host of parameters used to suspect or diagnose 
the presence of calcium deficiency and bone disease. These include 
serum calcium concentration, calcium absorption, urinary calciun, 
serum concentrations of the vitamin D analogues, serum and urinary 
phosphate concentrations, serum alkaline phosphatase activity, mea- 
surement of cortical thickness or X-ray of the hands, bone densito- 
metry, Singh index of the trabecular pattern of the femoral head, and 
bone biopsy. We had measurements of serum calcium, phosphate, and 
alkaline phosphatase in most of our patients, and total vitamin D 
activity in some of our patients. All the male CD patients had serum 
calcium concentrations greater than 8.5 mg/dl, but the serum calcium 
was between 8.2 and 8.4 mg/dl in four female patients (Table 9 and 
Appendix 27), and these values remained slightly below the lower limit 
of normal calcium concentration even after correcting for the serum 
albumin concentration. The serum phosphate concentrations were normal 
in all patients, and although the serum alkaline phosphatase activity 
was increased in two patients (Table 8), their serum calcium concen- 
trations were normal (Table 8). The serum magnesium concentrations 
were normal in all but one patient, (G.K.), and his value of 1.3 mg/dl 


normalized after supplementation and correction of his ileostomy dys- 
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function; his serum calcium was normal (Table 8). In contrast to the 
report of Sitrin et al (1980), the serum total vitamin D activity was 
reduced in only 2 of the 10 men and one of the 9 women in whom this 
assay was performed (Tables 8 and 9). It is of interest that only one 
of the women with a slightly reduced serum calcium concentration also 
had reduced serum vitamin D activity, and yet, the serum calciw con- 
centration was normal in the two men with reduced serum vitamin D 
activity. Thus, there is no agreement qualitatively or quantitatively 
between these four indirect measurements of calcium balance: serum 
calcium, phosphate, alkaline phosphatase, and vitamin D. 

On the other hand, is there any relationship between dietary 
intakes and these laboratory parameters? There was no correlation 
between calcium intake and serum calcium concentrations in women, or 
between vitamin D intake and serum vitamin D activity in men (Tables 
12 and 13). While there was a weak, but statistically significant 
correlation between calcium intake and serum calcium concentrations in 
men, and between vitamin D intake and serum vitamin D acitivity in 
women (Tables 12 and 13), the clinical application of these correla- 
tions is doubtful since the serum calcium concentrations were normal 
in the men, and the serum vitamin D was reduced in only one female CD 
patient. Indeed, the lack of correlation between dietary intakes of 
calcium and serum calcium concentrations is not surprising since serum 
calcium levels are regulated by complex homeostatic mechanisms, and 
impaired calcium intakes would not be expected to be reflected by low 
serum calcium concentrations until late in the development of calcium 


deficiency. In addition, the intake of vitamin D would not neces- 
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sarily be reflected by serum levels of vitamin D since the serum 
vitamin D activity may be influenced by exposure to sunlight. Thus, 
these indirect parameters of calcium homeostasis are of limited value 
for the prediction of calcium or vitamin D intake. However, the 
finding of a low value of either serum calcium concentration or vita- 
min D activity does suggest that a specific patient may be at risk of 
developing a dietary deficiency of calcium or vitamin D. For example, 
three of the four women with low serum calcium concentrations had a 
reduced intake of both calcium and vitamin D, and one woman had a low 
intake of just vitamin D (Table 5). In addition, the one female with 
a low serum vitamin D activity and one of the two males with low serum 
vitamin D activity also had a low vitamin D intake. Therefore, the 
finding of a low serum calcium concentration or vitamin D activity 
clearly does not exclude the potential for a serious deficiency in the 
intake of these nutrients, but the finding of such abnormal serum 
values must raise the index of suspicion for the potential presence of 
nutrient risk. Moreover, one group of researchers (Bell et al 1977) 
has shown that a diet rich in foods containing phosphate additives may 
contribute to a low serum calcium. Experimental feeding of foods high 
in phosphate additives significantly reduced the serum calcium concen- 
trations in 8 adults. Phosphates are added to a wide variety of 
processed foods including meats, cheese, carbonated beverages, dres- 
sings, and refrigerated bakery products (Deman and Melnychyn 1971). 
How useful are the measurements of serum calcium, phosphate, 
alkaline phosphatase, or vitamin D activity to establish the presence 


of calcium imbalance? Unpublished observations by von Westarp et al 
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(1981) have indicated a poor correlation between these serum values 
and the presence of metabolic bone disease, diagnosed on the basis of 
bone biopsy or hand bone X-ray. Using these end-points, approximately 
one-third of female patients with CD have established metabolic bone 
disease (MBD). It is of interest to point out that the same percen- 
tage of women consumed less than half the RDA for calcium and only 30% 
of the women consumed the RDA for vitamin D (Table 5). Thus, one of 
the mechanisms responsible for the development of MBD is impaired di- 
etary intake. Additional factors potentially producing or accelerat- 
ing the development of calcium imbalance must include corticosteroid 
therapy, steatorrhea, and lactase deficiency (Sitrin et al 1980). 
While this study was not specifically designed to establish the patho- 
physiological factors important for the development of bone disease, 
our limited data provided courtesy of Dr. C. von Westarp (1981) indi- 
cate that over half the patients with CD had calcium malabsorption, 
and a further but different half had steatorrhea. The extent of cal- 
cium loss into the stool of patients with CD was not assessed. In 
this study, three of the four female patients with low serum calcium 
concentrations and the two men with low serum vitamin D were consuming 
corticosteroids, and over 50% of the patients ingesting inadequate 
amounts of calcium or vitamin D were receiving this medication. 
Therefore, there are several potential and real factors which may be 
responsible for the development of MBD in patients with CD, and future 
studies must examine the role of dietary supplementation in the 


prevention of calcium deficiency. 


124 


3 | 


. A : a! i, —_ 
miivins gutoe wot ew 2 stk? ae we 20: se Se (Ouse 
- - —- >. 


te? Sue p> eee eo ito te 
we ville _ = — — 


a + 
nay _ iy 
4 von e ; it 


oe : ‘ ar 


, a : : 1 r< su jod cars Pai: aTvaC 4 om] £ sh 


‘. : 5 © osvongell .seeuedi ened- ai fads = ta. epnsasig <a 


ar 


: 4 : = “= @ > 
seer? gat 2g .ver-X onod beed 30 yag rtd” ene ‘ 


ufaroe nb Ta *& r Q 
a eee 
ommend, : 44 
vuainiléeses svar’ @D dit« erostiag eiamst to bt fas c 
1 t= i > 
Sav) Ivo Site oF qeereet Ae ef ak. 
> icles v2 404 Sie Visa -aas east bomyeneo ‘tan ; 
; : Pas. i a 
> sunt (2 olde? @ wigaiie 4pl-aat ody betwehts Denewey 


oe = 
i st 4 to yomereietth St sod sidinvegess aaaineda 
Al - 
Soon 3c galnubet ¢listiaeey esc7ee. Eemots2hbA . 
‘aadeunittos sheboe: je apie fete facto sn 
4 39 Rive) yoestaliod seasee! bos asdavodass 
= ae 
i f _ 
gos dakhdeges a i pela toes Jon ase ebete 
= : “ —_ 
r (2 toutgolevesh om gos waiepmngnt ex0ra83 ee 
=. ; 7a 


wei (nell) q’ieskettcev sala SS iabhewrG: 33 atae: 


ddten auvitoleo hail a0 dazw ataeing PB Stes res 


i 


i » sodsee ot. dcesaniin bart a aoe jud wait } 


i 


I hoy aaece jon ew Go aaty tans Bf to towie “tia otal ee of 


‘1 
ne 


ni . _ p es r - 

hee mean seogst die ad? a sa Das ablovese® 
* aaa 

otc teee wie sens oe staal 08 uio pias to 8 


i ee *4,4 7 - 
KS nciiniia teat vse 
ag. SS GS 


coo baie fhe mire ‘ vat Birks # ae ak ni tea ef Ne a7 


ad vom d>iflw ties teen a 


125 


5.13 Vitamin A 


Mean vitamin A intake was greater than the RDA in both male and 
female CD patients (Table 2 and 3). While the female intake was close 
to that of NC, male CD patients consumed slightly more than half the 
vitamin A of NC participants. However, vitamin A is highly concen- 
trated in relatively few food sources and daily intake varies con- 
siderably. For example, mean daily intake for the nationwide male NC 
group was much closer to that of the male CD group. Despite an ade- 
quate mean daily intake of vitamin A in CD patients, only half the 
male and female CD patients were consuming the RDA of vitamin A 
(Tables 4 and 5). Although vitamin A is stored in appreciable amounts 
in the liver (Hodges et al 1971), daily consumption of insufficient 
amounts of vitamin A can eventually deplete the liver stores. Serum 
vitamin A (retinol) concentrations were not assessed in the present 
study. Serum carotene concentrations are used clinically to obtain an 
assessment of recent vitamin A intake, and an evaluation of the pos- 
sible presence of steatorrhea. Serum carotene concentrations were 
performed in a small number of our patients: 38% of the males and 13% 
of the females were below the lower limit of normal, but there was no 
significant correlation between serum carotene concentrations and 
vitamin A intake nor between serum carotene and carotene intake. It 
must be stessed that such comparisons were possibly in only 28/47 
patients, and a larger sample must be evaluated before any conclusions 


may be drawn. 
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5.14 Fiber 

The crude fiber (CF) intake of patients with CD was similar to 
the results obtained in NC (Tables 2 and 3). The cereal intake of CD 
patients is similar to NC, but the fruit intake of the CD group was 
greatly increased above NC (Table 7). The male CD patients consumed 
76% less soft drinks than NC, and it is possible, though unproven, 
that fruit drinks were substituted for the soft drinks. If this were 
the case, then the greater intake of fruit would be due to a greater 
intake of fruit drinks. These juices contain little or no fiber and 
would thus make an insignificant contribution to total fiber, while at 
the same time would contribute to the total carbohydrate intake. 

Dietary fiber (DF) may be 5-10 times higher than CF (Trowell 
1973). Dietary fiber in CD patients has been reported to be increased 
(Kasper et al 1979) or decreased (Thornton et al 1979), as compared 
with controls. The DF intakes in these studies were 27 gm/day and 17 
gm/day, respectively (Kasper et al 1979, Thornton et al 1979) and this 


compared with a figure of 12.7 gm/day in our patients with CD. 


5.15 Nutrient Density 

In the present study, we found that, in general, women were at 
greater risk than men for developing nutrient deficiency. Is this 
sex-related discrepancy due to an inadequate intake of food by female 
patients with CD, or was the quality of their diets suboptimal? To 
answer this question, it was necessary to examine the nutrient density 
of the diets consumed by CD patients. This qualitative comparison is 


given in Table 7 which shows that the only statistically significant 
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difference in the nutrient intake of male and female CD patients per 
1000 kcal was in vitamin A and folate, of which males consumed less 
than females. Not surprisingly, these same nutrients were the only 
two nutrients in which fewer males than females met the RDA (Tables 4 
and 5). Vitamin A is concentrated in relatively few foods, some of 
them being vegetables and fruits. Thus, it is possible that 
fruit/vegetables comprised a proportionately larger portion of female 
than male diets in patients with CD. Therefore, the quality of the 
diets consumed by male and female CD patients was generally compar- 
able, but men generally require and consume more energy than women. 
The RDA for nutrients other than energy is the same or only slightly 
higher for men than women, and thus men are more likely to achieve 


their RDA for nutrients simply because they eat more. 


5-16 Specific Factors Which Could Identify the Crohn's Disease 

Patient at Risk of Nutritional Deficiency 

Recent advancements in biochemical analyses and increased under- 
standing of metabolic processes have resulted in a proliferation of 
tests for assessment of nutritional status. However, it is costly and 
often impractical to perform a wide battery of tests in all patients, 
particularily when chronic disease states such as CD make it necessary 
to evaluate biochemical status at regular intervals. Therefore, there 
is a need for a few selected predictive parameters to identify those 
patients at risk of nutritional deficiency and in need of further nu- 


tritional assessment and or counselling. 
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What were the correlations between biochemical, dietary, and an- 
thropometric parameters? From Tables 10-14 (inclusive) were chosen 
the biochemical, dietary, and anthropometric parameters which corre- 
lated with the greatest number of variables. In female CD patients, 
serum folate concentration correlated with four dietary parameters: 


folate, vitamin C, vitamin B and vitamin Be (Table*11). “In male CD 


| 
patients, analyses of the same variables showed a correlation between 
dietary parameters only: protein vs folate, iron, vitamin Be and 
vitamin Bi (Table 10). A difference between males and females is not 
to be expected, and it is not clear why these differences in correla- 
tions existed. It was observed that fewer men had low nutrient in- 
takes and abnormal biochemical parameters and possibly the relation- 
ship between nutrient intakes and biochemical parameters within the 
normal range is not linear, and thus is not reflected in a simple 
correlation. In addition, some patients had taken or were taking 
supplements of iron, vitamin Bio» and/or folate at the time of the 
dietary assessment. It was difficult to control for this in deter- 
mining correlation, as length of time on supplements, amount of sup- 
plement, and multi-vitamin vs a single vitamin supplement were varied. 
However, correlations between dietary folate and serum folate in the 
present study were the same whether the folate supplemented group was 
included or not. Thus, in female CD patients, serum folate concentra- 
tion could be used as a relative indicator of dietary folate, vitamin 
C, vitamin Bio and vitamin Be: It should be cautioned that despite a 
significant correlation with several nutrients, a low serum folate 


concentration does not necessarily indicate a low intake of these 
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nutrients, but simply indicates the likelihood of lower nutrient 
intake relative to an individual with a higher serum folate concentra- 
tion. 

In both male and female CD patients, significant correlations 
were observed between dietary intakes of calcium, phosphorus, protein 
and vitamin D (Tables 12 and 13). This is not SULDEISLOS .waseithis 
probably reflecting the extent to which these nutrients occur together 
in dairy products. Thus, in male CD patients dietary protein was cor- 
related with each of dietary calcium, phosphorus, vitamin D, folate, 
iron, vitamin Byo> and vitamin Be (Tables .10eands12)... Atsthis time, 
however, the practical significance of the relationship is unclear, 
since all protein intakes in ie male CD group were greater than the 
RDA (Table 4). However, there was evidence of protein malnutrition 
and thus optimal protein intake in male CD patients, especially those 
on steroids, must be determined. Thus, there is no single parameter 
in male CD patients which will predict the risk of nutrient deficien- 
cy. Likewise, in females, the practical implication of the correla- 
tions between dietary calcium, phosphorus, protein, and vitamin D are 
limited, since the majority had protein and phosphorus intakes greater 
than the RDA (Table 5), and dietary calcium and vitamin D showed only 
a low correlation with one another (Table 13). 

Body weight is generally considered to obscure disproportionate 
changes in body fat and muscle mass that occur in disease states and 
therefore is not a sensitive indicator of nutritional status. How- 
ever, arm muscle circumference (AMC) is reported to specifically 


reflect protein status and not to correlate particularly well with 
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body weight (Section 2.4). Thus, it was somewhat surprising that in 
the present study AMC correlated only with total lymphocyte count 
(TLC) and that relative body weight (RBW) showed a similar correlation 
with TLC (Table 14). Furthermore, RBW was highly correlated with AMC 
in both male and female CD patients and with triceps skinfold (TSF) in 
females (Table 14). Therefore, RBW was as good or a better indicator 
of biochemical and/or anthropometric parameters in CD patients as was 
AMC. The practical significance of this finding is that RBW is easier 
to determine and does not require the same skill as determination of 
AMC or TSF. As a predictive factor RBW can be used to assess muscle 
reserve, TSF, and TLC in female CD patients. 

tel Ost Crohn's Disease Activity Index (CDAI) and Relationship 

to Nutrient Intake 

The CDAI was not correlated with intake of energy, protein, 
carbohydrate, or folate in females (Table 18). In males, there was a 
significant negative correlation between the CDAI and energy intake, 
but the correlation was quite low (-0.38, Table 18). Thus, if the 
CDAI was used as an indicator of energy intake in males, the interpre- 
tation could result in a false positive, that is, the assumption of 
high energy intake associated with a low CDAI. The danger of an 
erroneous assumption such as this is obvious. Therefore, it can be 
concluded that the CDAI is not reliable as a predictive parameter of 


poor nutrient intake. 
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5.16.2 Crohn's Disease Activity Index and Relationship to 
Biochemical Tests 

In females, the CDAI was negatively correlated with hemoglobin 
and positively correlated with serum ferritin. Nutritionally 
speaking, the correlation between hemoglobin and the CDAI is of little 
predictive value, since the anemia of CD can be due to one of several 
nutrient deficiencies or the chronic inflammatory disease process. 
However, it could be used as a screening device to signal a possible 
deficiency of iron, folate, vitamin C, vitamin Bio or vitamin Bes 
The positive correlation between serum ferritin and the CDAI was 
somewhat surprising. However, the interpretation of serum ferritin 
concentrations within the normal range is difficult. The several 
factors which may inappropriately elevate serum ferritin, including 
mild hemolysis secondary to the use of SAS and/or reticuloendothelial 
dysfunction could well be affecting this relationship between serum 
ferritin and the CDAI. 

Serum albumin was negatively correlated with the CDAI in males 
(Table 18). However, since all the serum albumin concentrations were 
above normal in males, the practical significance of this relationship 
is limited. It should be noted, however, that the upper range of the 
CDAI in the male group, with the exception of one patient, was well 
within the range indicative of mild disease. Thus, if the observed 
relationship (between the CDAI and serum albumin) continued as disease 
activity increased, there is potential for a clinically significant 
relationship between the CDAI and serum albumin in a group of CD 


patients with a wider range of disease severity. 
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The CDAI was correlated with duration of disease in males, but 
not in females (Table 18). Since chronic disease imposes a chronic 
demand on nutrients, a potential exists for increased nutrient defi- 
ciency as duration of disease increases. However, as suggested by the 
former correlations, this may or may not be related to the CDAI. 
Again, the range of disease severity was not wide, and with a wider 
range of the CDAI, the correlation may exist in both males and 


females. 


5.17 Male/Female Differences in Crohn's Disease Patients 

Female nutrient intakes were generally poorer than that of males. 
The mean nutrient intake of female CD patients was less than the RDA 
for more nutrients (Table 3) than that of male patients (Table 2). 
Seventy-five % of the females consumed less than the RDA of 6 or more 
nutrients, compared to only 36% of the males. Consumption of quanti- 
tatively poorer diets by females are not necessarily surprising. 
Women require less energy and consume less food than men, though they 
require the same amount or more of many nutrients than do men- Quali- 
tatively, however, female diets are usually equal and often eee 
to that of men, and the present study showed that the nutrient con- 
sumption per 1000 kcal was the same in men and women, except for 
vitamin A and folate, of which men consumed significantly less (Table 
7). 

It has been suggested, that food intake may be reduced in re- 
sponse to the pain, diarrhea, and anorexia associated with CD. Al= 


though the CDAI was higher in females, there was no correlation 
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between the CDAI and nutrient intake (Table 18). In contrast, in the 
male group there was a negative, though low (-0.38) correlation be- 
tween the CDAI and energy intake. Thus, it appears that males with a 
higher CDAI tend to reduce their food intake, but females do not. 

A greater number of females than males had abnormal values for 
serum albumin, TLC, hemoglobin, MCHC, % transferrin saturation, serum 
ferritin, serum folate, and serum calcium. This is not surprising in 
view of their poorer nutrient intakes. However, there were several 
inconsistencies between the male and female groups in relationships 
between biochemical parameters and nutrient intakes. For example, the 
incidence of low serum Bio was identical in males and females, though 
the males with low serum By> concentrations had consumed less than the 
RDA and the females with low serum Bio concentrations had consumed 
more than the RDA. It was subsequently noted that these females also 
had low serum folate concentrations and thus a mixed deficiency was 
suggested. It is possible that the use of OCA among the women was 
placing increased demands on their body folate stores and was thus 
responsible for the greater proportion of low serum folate concentra- 
tions in women, despite poor folate intakes in both men and women. As 
well, use of OCA has been associated with low serum Bio» serum and 
leucocyte ascorbic acid, and serum zinc (2.7.3). Also, serum levels 
of vitamin A and iron are higher than normal in OCA users (2.7.3). 
Indeed, this may have contributed to a lower incidence of abnormal 
serum iron concentrations in women than men, despite high iron intakes 


in all the men and low iron intakes in all the women. 
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Dietary folate in females was highly correlated with dietary 
vitamin Be» vitamin Bio» vitamin C, iron, and protein, but in males 
was only correlated with the latter two nutrient intakes. Moreover, 
serum folate was correlated with dietary folate, vitamin Be» vitamin 
Bio> and vitamin C in females, but not in males. The correlation 
between nutrients in the female CD patients could simply be indicating 
consistent quality of diet in females. Though similar proportions of 
the males and females failed to achieve the full RDA for folate, a 
consistently larger number of males consumed 2/3, 1/2, and 1/3 RDA. 
Indeed, 74% of males, but only 58% of females consumed 1/3 RDA for 
folate. It is possible that the relationship between dietary folate 
and serum folate does not become linear until folate intake drops 
below a minimal level. 

Male/female differences were observed in the CDAI and its rela- 
tionship to other parameters. The CDAI and duration of disease were 
both higher in females than in males and the demands of chronic 
disease could contribute to poor nutritional status, though correla- 
tions between biochemical parameters and the CDAI were not conclusive 
for nutritional deficiencies. The CDAI was negatively correlated with 
hemoglobin and positively correlated with serum ferritin in females 
and negatively correlated with serum albumin in males (Table 18). 
This lack of agreement in correlations could reflect a difference in 
the effects of varying disease severity. 

Some of the inconsistencies reported in the present study could 
also have been due to taking of supplements. As previously mentioned 


(5.16), the amounts and kinds of supplements varied considerably, and 
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some patients could not remember brand names or amounts of a supple- 
ment taken, so it was difficult to control for supplements. However, 
the correlation between serum folate and dietary folate was very 
similar when calculated for the whole group or when calculated for 
those who did not take a folate supplement. 

Finally, the two patients taking total parenteral nutrition could 
have added to the male/female differences. Although one male and one 
female were taking total parenteral nutrition, the nutrients provided 
can vary in both kind and amount. In this case, the female was sup- 
plemented with amounts of thiamin, pantothenic acid, vitamin Be» 
vitamin Bio» riboflavin, and folate which in some instances provided 


more than 10 times the RDA. 


5.18 Nutrient Supplements Taken by Crohn's Disease Patients 

Several CD patients took one or more nutrient supplements, 
including folate, iron, vitamin C, vitamin A, vitamin D and calcium. 
As well, as few patients had vitamin Bio injections. However, 
information on nutrient supplementation was not included in the 
discussion of individual nutrients for several reasons: 

1) information on supplements was not collected during the 
initial phase of the study. 

2) from information found in patient charts, it became evident 
that several patients routinely took supplements, but did not report 
them at the time of the dietary interview. 

3) the length of time patients had been on supplements, as well 


as the daily dosage of supplements, varied greatly. 


Py “ \ an _ 
4 = 4 ; + 
; 7 = Canes 
& ‘ j 
7 ; 7 ee 
~y 7 : ” v 
ie ‘ 
rl n ; 
“siygouve « 16 4 tous 490 2zeund taatd tsdaens 3 270r bauoa — okts q ame 
; = 
peg 
ysyowoh ,sinceefogue 36? desgaps ot siuokt 2ib ant abies ala 


esy aani4% rats Sas apalo? m you waewsed notssier = 205 aft 


- : = — sae 7 

sla. oalw th quetg ahorv ads +0? vege luskss pow 2 s {tal 
; ~~ — 

.see@elgqgques sjalo? & sasd jon Bib ov aa¢ 
: 7 ory - 

iiztun tsisoveneq fives gqaitas erasiieg ow ae etiaanS 


_ ae 


- a 


ging sto dguodtia  eenogetetiib sles: \sIna aif3 fo 3 "bobee 


sjeslisun 389 .webe@ieber dewtssteaq fo309 gvtaat orm i ae 


= 
- na} als ,2eh> Bite of + Gmbome pee. hy tal” dtod ak elev 
oe - eo 


~— ; ao 
¢ stmesiv - bias oiaedsesaiig ,edantds To aan ds tw | ae 


va%q 2essmEteek em6e SF cele stale ba ® ares odes “se oka 


aes AA oe wombs Qt mgyi3 
g ae — 
, 5 = yi a 


osgoisnd avae? KI 4 "us gta gl neitel esaomols u@ saez: 


ssnensiqqua dacitign ssom 10 ous 400% s30nt304 a. 


sas UO ohmeay ya a wiv 2 akanat * owt ats a 


> 


. Z 
1 revevoH -ambsagpne ya atom iv bet ssa nag 


t wi betel ant ® 400 Aa’ saxiacanen acre semietun: 
: — 7. 3 us 
‘sne8aet leswve. 303 coos SENS 


taabive es az a3 


ii 


+ Baas Sod uth gus wd, toa 
= ay = 


- 
~~ 


iisw 


In the present study, because of the problems noted, a decision 
was made not to use the supplement information at all. Notwithstand- 
ing the above concerns, however, it was noted that the correlation 
between serum folate and dietary folate was almost identical, regard- 
less of whether or not the folate-supplemented patients were included. 
This is not to say that nutrient supplements have no effect on the re- 
lationships between dietary and biochemical parameters, but emphasizes 


the need for complete information regarding nutrient supplementation. 


5.19 Comparison of Nutrient Intake in Steroid vs Nonsteroid Groups 
Steroid therapy was associated with signs of protein malnutrition 
in CD patients: 9/10 patients with reduced AMC were on steroids, and 
6/11 females and 8/10 males with reduced TLC were on steroids. 
Comparison of mean protein intake in the steroid vs nonsteroid groups 
(Appendix 35), however, indicates that there was little difference in 
intake for either the male or female groups. Comparison of intakes of 
other nutrients which are particularly important in steroid therapy 
(energy, calcium, and vitamin D), showed that the female steroid group 
consumed more energy that did the nonsteroid group. The male steroid 
group consumed more calcium than did the non-steroid group. The signs 
of protein malnutrition associated with steroid therapy do not appear 
to be related to differences in dietary intake, but may be due to the 


catabolic effects of steroid therapy. 
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6. SUMMARY OF FINDINGS 


1. Nutritional assessment of 23 male and 24 female Crohn's dis- 
ease (CD) outpatients was made by means of 48-hour dietary recall, an- 


thropometric measurements, and biochemical tests. 


2. The mean age of the CD patients was 31 years for males and 32 
years for females. Male CD patients had a mean height and weight of 
176 cm and 72 kg, respectively, while comparable figures for female CD 
patients were 164 cm and 58 kg. Triceps skinfold was 120% of the 
standard triceps skinfold in men, but only 95% of the standard in 
women. Percent of standard arm muscle circumference was quite compar- 
able in the male and female groups, being 95% and 98% for males and 


females, respectively. 


3. The mean duration of disease was shorter in males, being 71 
months as opposed to 95 months in females. The Crohn's Disease 
Activity Index was also lower in males (46) than in females (118). 
Fourteen males and 15 females had CD of the ileum and colon, 9 males 
and 8 females had CD of the ileum, and one female had colonic 


involvement. 


4. It was found that the mean intake of vitamin Be and folate in 
male and female CD patients, as well as the mean intake of calciun, 
vitamin D, and iron in female patients was less than the recommended 


dietary allowance (RDA). However, there was wide variation in food 
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intake between patients, which was masked by the mean nutrient intake. 
Thus, the percentage of individuals consuming various fractions of the 
RDA was calculated, and it was found that some patients consumed less 
than 1/3 of the RDA for some nutrients. Some males consumed less than 
1/3 of the RDA for vitamin A, ascorbic acid, folate and vitamin D, 
whereas some females consumed less than 1/3 of the RDA for energy, 
calcium, iron, vitamin A, ascorbic acid, vitamin Be» vitamin Bio» 


folate and vitamin D. 


5. The mean daily intake of food groups of CD patients was com- 
pared to that of NC participants. Fruit intake of CD patients was 
found to be 79% higher in males and 69% higher in females than that of 
Nutrition Canada, but was thought to be largely attributable to fruit 
drink intake in CD patients. Soft drink intake in male CD patients 


was 76% less than that of NC. 


6. Quality of diet was compared in male and female CD patients by 
expressing nutrient intake per 1000 kcal. It was found that males 
consumed significantly less folate and vitamin A per 1000 kcal than 


did females. 


7. More than 30% of the male and female CD patients had abnormal 
values for total lymphocyte count, serum iron, % transferrin satura- 


tion, serum folate, and in males only, serum carotene. 
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8. Significant correlations were found between several dietary 
parameters in males and females. The correlations between serum 
folate and each of dietary folate, vitamin C, vitamin Be and vitamin 
B,5 were also significant (p < 0.01) in females only. As well, a 
significant correlation (p < 0.05) was also found between serum cal- 
cium and each of dietary calcium, phosphorus, protein and vitamin D in 
males. However, the correlations observed in males were of little 


practical significance, since all serum calcium concentrations were 


within the range of normal in the male CD patients. 


9. Relative weight was found to be correlated with % standard arm 
muscle circumference in males and females, and with total lymphocyte 
count and % standard triceps skinfold in females only. Thus, it 
appears that relative weight can be used as a predictor of protein 
status in CD patients and of adipose tissue reserve in female patients 


only. 


10. The percent of male and female CD patients who had low an- 
thropometric and biochemical values when grouped according to energy 
intake less than the RDA, equal to the RDA, or greater than the RDA 
was calculated. However, energy intake appeared to be of little value 
in predicting the presence of selected low biochemical and/or anthro- 
pometric parameters, as the incidence of low parameters occurred with 


equal frequency at all levels of energy intake. 
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11. The value of weight as a predictor of selected low anthropo- 
metric and/or biochemical parameters was also investigated by grouping 
patients according to greater than or equal to 90% of relative body 
weight or less than 90% of relative body weight. In male CD patients, 
relative body weight appeared to be of little predictive value. 
However, female patients with less than 90% relative body weight had a 
greater incidence of abnormal triceps skinfold, arm muscle circumfer- 
ence, total lymphocyte count, and total iron binding capacity than did 


females with greater than or equal to 90% relative body weight. 


12. The Crohn's Disease Activity Index (CDAI) was calculated for 
each patient and was then correlated with selected dietary, biochemi- 
cal, and anthropometric parameters. In males, the CDAI was negatively 
correlated with energy intake and serum albumin and positively corre- 
lated with the duration of the disease. However, the usefulness of 
these correlations is questionable, since the correlation with energy 
was quite low (-0.38) and all serum albumin concentrations were within 
the normal range in the male CD patients. In females, the CDAI was 
negatively correlated with hemoglobin and positively correlated with 


serum ferritin. 


13. It was concluded that serum folate, relative body weight, arm 
muscle circumference, and total lymphocyte count could be used as pre- 
dictive parameters to identify the CD patient at risk and in need of 


nutritional counselling. 
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7. RECOMMENDATIONS 


rhea Energy Intake 

Low energy intake was reported in a sizeable number of CD pa- 
tients, but there was no correlation between energy intake and body 
weight. Factors contributing to this lack of correlation are sug- 
gested to include: altered energy requirement due to the disease 
process, malabsorption, protein-losing enteropathy, and the use of 
certain medications. For this reason, it is recommended that future 
studies be designed to examine the presence and extent of steatorrhea 
and creatorrhea in CD and that these be correlated with the Crohn's 
Disease Activity Index and gastrointestinal protein loss. The deter- 
mination of 0, consumption and estimation of basal energy expenditure 
should be examined to determine if the basal requirement in CD is 
increased with respect to that of a normal individual, and if the 
basal energy expenditure is related to the Crohn's Disease Activity 


Index. Such studies would provide a better understanding of the 


energy requirements of patients with CD. 


7.2 Carbohydrate Consumption 

Carbohydrate consumption in the present study was slightly higher 
than that of Nutrition Canada, but it was not possible to determine 
whether or not this difference was statistically significant, nor 
whether it was due to an increase in simple and/or complex carbohy- 
drate. Future studies should assess the intake of refined sugar and 


fiber in CD patients, and these values should be compared with the 
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intake of a well-matched control group. Finally, the potential role 
of dietary fiber in the prognosis of CD should be assessed by a well- 


designed prospective long-term clinical trial. 


7.3 Protein 

Although protein intake was generally normal when assessed at one 
point in time, signs of protein deficiency included decreased arm 
muscle circumference, and depressed total lymphocyte count. CD in- 
volves a number of factors which could increase protein requirements 
including protein-losing enteropathy, the catabolic effects of the 
inflammatory process and of steroid therapy. Therefore, the extent of 
protein loss and its relation to the Crohn's Disease Activity Index 
should be examined in future studies, and the assessment of protein 
intake and signs of protein deficiency should be examined prospective- 
ly over a suitably prolonged interval. Such studies would establish 
the relative importance of these postulated mechanisms contributing to 


protein deficiency. 


7.4 Iron 

The intake of iron was reduced in the majority of females with CD 
and anemia was common. However, in CD, anemia is not necessarily a 
sign of iron deficiency. The discrepancy between abnormal intakes of 
iron and the tentative diagnosis of iron deficiency accomplished using 
the serum ferritin concentration emphasizes the need for future stud- 
ies to develop a simple, yet more reliable test for the diagnosis of 


iron deficiency in CD patients. Future studies should also focus on 
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the potential mechanisms for the development of anemia in these pa- 
tients: what is the role of the low intake of vitamin C in iron ab- 
sorption, is the absorption of food and elemental iron impaired, is 
the gastrointestinal loss of iron excessive, and do these patients 


respond normally to iron supplementation? 


7.5 Folate 

Both folate intake and serum folate were reduced in male and 
female CD patients. A significant correlation was noted between 
dietary folate and vitamin Bio» vitamin C, vitamin Be» tron, and pro- 
tein in females; between dietary folate and the latter two nutrient 
intakes in males; and between serum folate and dietary folate, vitamin 
C, vitamin Be» and vitamin Bi» in females. It is not known why the 
latter correlations occurred in females only. It is recommended that 
future studies include the more definitive sign of folate deficiency, 
red cell folate, and that the correlation between megaloblastic 
anemia, red cell folate, and serum folate be determined to establish 
the efficacy of serum folate as a predictor of folate deficiency. 
Furthermore, folate absorption and lo protein loss from the gut 
should be determined, and related to folate status. Supplementation 
with folate, its effect on serum folate, and determination of red cell 


turnover should be determined to establish ideal duration of therapy. 


7.6 Vitamin Bio 
Vitamin Bio intakes were low in about 1/4 of the males and 1/2 of 


the females, but low serum Bio concentrations occurred in only a small 
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proportion of patients with CD and megaloblastic anemia was not 
present in any of the patients. However, in time, a reduced intake of 


vitamin B,> will result in a low serum B concentration. In addi- 


12 
tion, malabsorption of vitamin Bi5 due to ileal dysfunction or bac- 
terial overgrowth may also contribute to a vitamin Bio deficiency. 


Thus, an annual serum B_, will identify the patient with a vitamin Bio 


12 
deficiency and the Schilling's test will identify those patients with 
malabsorption. Future studies should be designed to determine if 
malabsorption is due to ileal dysfunction and/or bacterial overgrowth. 
In order to determine if vitamin Bio malabsorption is due to ileal 
disease, it is necessary to examine the relationship between the 
Schilling's test and extent of ileal disease, and the Schilling's test 
and stool bile acids. The 146 breath test can be used to identify 
malabsorption due to the presence of bacterial overgrowth. Response 
to antibiotics will confirm and ameliorate vitamin Bio malabsorption 
due to bacterial overgrowth. In the case of ileal dysfunction, regu- 


lar Bio injections should be considered to avoid vitamin Bio 


deficiency. 


7.7 Vitamin C 

Low vitamin C intake was reported in a modest proportion of CD 
patients. However, the biochemical significance of this finding could 
not be determined in these CD patients. Lack of vitamin C has been 
implicated in iron and folate deficiency. Indeed, the correlatioin 
between dietary vitamin C and dietary folate, and between dietary 


vitamin C and serum folate strongly supports the need for the deter- 
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mination in future studies of serum and leucocyte ascorbic acid con- 
centrations, and their relation to serum folate and red cell folate, 


as well as to the patients' iron status. 


7.8 Vitamin By 

Vitamin Be consumption was reduced in almost all of male and 
female CD patients. However, biochemical parameters of vitamin Be 
nutriture were not assessed in the present study. Future studies 
should include the measurement of such parameters as serum pyridoxal 
phosphate, intermediary metabolites such as xanthurenic acid, and 
alanine aminotransferase activity. As well, vitamin Be status should 
be related to steroid therapy and anemia. Moreover, because there is 
considerable overlap in the clinical deficiency symptoms of the B- 
vitamins, when a deficiency of one B-vitamin is suspected, deficien- 


cies of the other B-vitamins should be suspected and screened for with 


appropriate biochemical tests (7.9-7.11). 


7.9 | Thiamin 

Almost half of the CD patients had low thiamin intakes, though 
biochemical measurements for assessment of thiamin deficiency were not 
determined. However, several of the earliest symptoms of decreased 
thiamin intake are experienced by patients with CD, and include de- 
pression and irritability, loss of appetite and loss of weight. Thus, 
there is a need for future studies to assess thiamin status with such 


measurements as erythrocyte transketolase activity. 
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7.10 Riboflavin 


Low riboflavin consumption was reported in a small number of male 
CD patients and a moderate number of the female CD patients, though 
biochemical parameters for the assessment of riboflavin deficiency 
were not determined. Though some patients with CD have lactose in- 
tolerance and thus might restrict dairy products which are a primary 
source of riboflavin, the patients who reported lactose intolerance in 
the present study consumed adequate amounts of riboflavin. However, 
future studies to examine consumption of riboflavin, calcium, and 
vitamin D in CD patients with lactose intolerance should be conducted. 
As well, biochemical assessment of riboflavin intake should include 


determination of erythrocyte glutathione reductase activity. 


7.11 Pantothenic Acid 

Almost 1/2 of the male and 2/3 of the female CD patients consumed 
less than the lower limit of the RDA for pantothenic acid. However, 
diets providing much less pantothenic acid than the RDA have not 
resulted in clinical deficiency. Clinical deficiencies of pantothenic 
acid in animal studies, though, include gastritis with enteritis and 
diarrhea, and it is possible that a deficiency of pantothenic acid 
could be contributing to these symptoms in CD patients. Thus future 
studies should include assessment of adequacy of pantothenic acid 
intake. Because biochemical standards for pantothenic acid are not 
well-defined and, therefore, are not conclusive for pantothenic acid 
deficiency, future studies must also include determination of biochem- 


ical standards for pantothenic acid. 
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7.12 Calcium/Vitamin D 

Calcium and vitamin D intake was markedly reduced in female CD 
patients, and moderately reduced in male CD patients. However, there 
are no reliable standard biochemical methods of assessing calcium 
nutriture. Thus, it is recommended that calcium deficiency be identi- 
fied by the parameters used to clinically identify metabolic bone 
disease, and these include: bone biopsy, measurement of cortical 
thickness of hand bone, Singh index of the trabecular pattern of the 
femoral head, bone densitometry, parathyroid hormone, and serum vita- 
min D. It is suggested that research tools used to assess abnormal 
calcium metabolism be performed in CD and correlated with the presence 
of metabolic bone disease diagnosed from bone biopsy. If a defect in 
calcium metabolism is found to be common in CD, then the mechanism of 
this defect should be assessed measuring calcium absorption and loss 
from the bowel, and correlating this with Magnesium status, steato- 
rrhea, bile salt wastage, protein balance, consumption of drugs, and 
the Crohn's Disease Activity Index. Finally, the patients should 
receive appropriate supplements of calcium and/or vitamin D, and their 
response assessed by following the possible changes in the indirect 


measures of bone metabolism listed above. 


7.13 Vitamin A 

Half of the male and female patients in the present study were 
reported to be consuming low amounts of vitamin A. However, as vita- 
min A is concentrated in relatively few foods and daily intake varies, 


vitamin A consumption in CD patients should be determined over a 
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longer period of time. Serum retinol concentrations should be deter- 
mined as well, and related to steatorrhea, fecal bile acids, serum 


carotene, and the presence of abnormalities in dark adaptation. 


7.14 Zinc 

Dietary zinc was not assessed in the present study. However, 
clinical evidence of zinc deficiency in CD patients has been reported 
by several groups and may be contributing to retarded growth, anorex- 
ia, malabsorption of folate, and depressed serum albumin. Thus, it is 
important for future studies to assess zinc intake in CD patients, to 


seek (a) more reliable way(s) of determining zinc status. 


7.15 Patient Management 

Initially, it is recommended that all patients with CD be as- 
sessed for height, weight, change in weight, total lymphocyte count, 
serum folic acid concentration, and arm muscle circumference, in 
addition to any other clinically indicated and appropriate tests. If 
these parameters are normal, they should be repeated in 6-12 months. 
If these parameters are abnormal, however, the patient should be 
referred to a dietitian for individual counselling, in addition to 
having serum iron, total iron binding capacity, serum ferritin, serum 
Bio> SMA) 9» and CBC. Findings in the literature have identified 
and/or suggested several nutrient deficiencies by means of several 
biochemical parameters not performed in the present study, and it is 


recommended that future studies be designed to confirm the usefulness 
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of serum and leucocyte ascorbic acid, red cell folate, serum retinol, 
stool bile acids, 14, breath test, and parameters used to assess the 


status of thiamin, riboflavin, pantothenic acid, copper, and zinc. 
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Appendix 2: 


of Energy Titekes 


1. 


Cumulative Percent Distribution 


Males 
Calories/day n h 
< 500 0 0 
500 - 749 0 0 
4OO0E—F 999 0 0 
1000 1249 0 0 
1250 1499 J 4 
1500 1749 2 £3 
1750 1999 0 13 
2000 2249 4 30 
2250 2499 é 43 
2500 2749 4 61 
2750 2999 0 61 
3000 3249 Z 70 
3250 3499 0 70 
3500 3749 Z 78 
3750 — 3999 =| 91 
4000+ 2 100 


Values were calculated as the means of 
two, consecutive 24-hour dietary recalls. 


in Crohn's Disease Patients 


Females 
n h 
0 0 
3 iS 
i any, 
3 29 
0 29 
4 46 
5 67 
2 75 
2 83 
i 88 
i 92 
0 92 
1 96 
0 96 
0 96 
if 100 
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Appendix 3: Cumulative Percentage Distribution 


. io 7B 2 
of Protein Intake in Crohn's Disease Patients 


l. 


Males Females 
g/day n rs n vA 
O*-024 0 0 2 8 
25 49 0 0 4 2a 
DOr 74 5 22 PZ [es 
Y fs ns BS 8 at Z 83 
100 - 124 6 83 2 92 
E2545 9149 0 83 Ps 100 
B50] 174 3 96 = = 
2200 1 100 = = 


Values were calculated as the means of 
two, consecutive 24-hour dietary recalls. 
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Appendix 3a: Cumulative Percentage Distribution 


of Protein Intake in Crohn's Disease Patients 


Males Females 
g/kg body weight/day n ie n hs 
0.4%-"095 0 0 3 3 
0-63—-"077 0 0 4 30 
0.84=.079 2 9 2 39 
L Ogee) 8 43 6 43 
12a 3 57 4 65 
b.4 sees 5 2 65 4 83 
1.607 8 100 4 100 


1. Values were calculated as the means of two, 
consecutive 24-hour dietary recalls. 
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Appendix 4: Cumulative Percentage Distribution 


of Calcium Teale 


ie 


in Crohn's Disease Patients 


Males Females 
mg/day n i n % 
0 => 99 0 0 0 0 
100° —"199 0 0 6 25 
2005 —_ 299 2 ) 0 2D 
300.—_ 399 0 9 2 33 
400.-_499 3) 22 1 38 
S005— 599 2 30 2 46 
6008-699 3 43 vs 54 
1007729 1 48 2 63 
8005-7899, 0 48 S| 12 
9006 = 999 1 eye i ue 
1000 —, 1099 3 65 0 79 
1100.2.—> 1199 0 65 2 88 
P2007 sr299 2 74 1 See 
130051599 1 78 0 92 
1400 - 1499 1 82 0 92 
15003 == 5599 1 87 0 ye 
L600) —=1699 1 G1 0 92 
L700n+ 2 100 2 100 


Values were calculated as the means of 


two, consecutive 24-hour dietary recalls. 
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Appendix 5: Cumulative Percentage Distribution of 


Phosphorus Parae 


mg/day 

0 - 499 

2007 — 999 
1000 - 1499 
PS00s=— E999 
2000 - 2499 
2500 — 2999 
3000 - 3499 


in Crohn's Disease Patients 


Males 
n h 
0 0 
4 By 
S) 39 
8 74 
4 GT 
0 91 
Z 100 


Females 
n h 
5 13 
8 46 
8 us 
3 SVE 
2 100 


1. Values were calculated as the means of 
two, consecutive 24-hour dietary recalls. 


- oe 
: Hi i 
: ! 
* 
jot 9 
' ® a : 
 sgetesoryd avitalievd +2 REbieggA 
i 
<< \ i hee 
fox) ot silagal aarforquedT 
| Ligh re 
z “ vob \we 
: 0 o= enh. =~ 0 
a 
‘ eve ~' 60¢ 
“— ; 
o. 
= e! : e@al- OO6L. 
a i} oper « mer ' 
. a ; | 
=~ = hs 4 nah 009s = 
: be 9 _ ees - OS 
z . ; 2 
- Ms S$. eet ~ CODE 
iz 1 aw SetniWolen emp Bevtiev «1 


5b ted? svido saan. , ows 


4 


Appendix 6: Cumulative Percentage Distribution 


of 


1. 


: 5 pe 
Vitamin A Intake in Crohn's Disease Patients 


Males Females 

Retinol 
Equivalents/day n ys n he 
Oa 250 1 4 1 4 
aol — 500 1 9 6 30 
SOT 50 4 26 5 50 
Jol. 1006 6 a2 2 58 
TOOLS 31 250 b) 74 qi 63 
125 1Le—9L 500 13 87 2 71 
150i ea i750 0 87 4 88 
175-2000 1 o1 0 88 
ZO0 t= 2250 0 sh 1 G2 
225 UU 0 O71 i} 96 
250 20 1 Be) 0 96 
2150 =2 000 Z 100 0 96 
3000 + ae = us 100 

Values were calculated as the means of 


two, consecutive 24-hour dietary recalls. 
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Appendix 7: Cumulative Percentage Distribution 


flee 


Oretron ratates 


mg/day 

0.0 =25.9 
O.0 = 7.9 
8.0 — 959 
TOLOs=F17.9 
12.0°=_13.9 
14.0 = 15.9 
16.0 — 17.9 
TS.07—- 19.9 
20 508=2 2.9 
22s 6 eeleo 
24.0 - 25.9 
2620292729 
28600 = 29.9 
SOC 


Values were calculated as the means of 
two, consecutive 24-hour dietary recalls. 


in Crohn's Disease Patients 


Males 
n h 
0 0 
1 4 
0 4 
r ) 
5 30 
4 48 
5. 61 
Z 69 
3 82 
Z 91 
1 a5 
0 95 
0 95 
ie 100 


Females 
n he 

4 sel 
Z Pais: 
6 50 
3 63 
a4 67 
az 75 
3 83 
Ms 92 

0 92 
i 96 
0 96 
u 100 
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Appendix 8: Cumulative Percentage Distribution 


of Thiamin Thtakes in Crohn's Disease Patients 


Males Females 
mg/day n Vs n hs 
< 0.5 0 0 2 8 
0.5 = 0.9 4 17 9 46 
oOo <i 4 9 OW, 7 Z5 
Lea tito 2 78 4 92 
2.055264 3 91 1 96 
OES Yee PR i 96 0 96 
3.0 + 1 100 1 100 


Values were calculated as the means of 
two, consecutive 24-hour dietary recalls. 
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Appendix 9: Cumulative Percentage Distribution of 


Riboflavin Tatares in Crohn's Disease Patients 


Males Females 
mg/day n ie n h 
G>="0.4 0 0 1 4 
Carn 7 0 0 5 Tt? 
Oe —a ls. 0 Z ¥ 3 30 
Pele ere 3 z Mo: 4 46 
1.4 -"Fo6 1 bar 1 50 
oy car 9 4 35 Z 58 
He eee 5 By 4 75 
Poe 1a 8 70 2 83 
Cait 0 Cala 19 1 74 1 88 
Psp ge pe oa 0 74 1 92 
Jae 6 100 Z 100 


1. Values were calculated as the means of 
two, consecutive 24-hour dietary recalls. 
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Appendix 10: Cumulative Percentage Distribution of 


Ascorbic Acid Intakel in Crohn's Disease Patients 


Males Females 
mg/day n vA n yA 
Oni 919 1 4 2 8 
208-839 | 9 4 755) 
405-9539 1 is Z =) 
o0g—* 719 2 22 3 46 
807 99 2 30 2 54 
100 — 119 i 35 1 58 
120 — 139 4 D2 1 63 
140 = 259 0 Be 0 63 
160d? 1 56 5) fe) 
HSOD-—F 199 1 61 2 83 
2005-219 2 69 0 83 
22 0e eS 9 Z 78 0 83 
PRO eI) 1 82 0 83 
2002) 2 91 0 83 
200" =" 299 0 91 i 88 
300 + 2 100 3 100 


1. Values were calculated as the means of 
two, consecutive 24-hour dietary recalls. 
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Appendix 11: Cumulative Percentage Distribution of 


P ; Lae ; - 
Pantothenic Acid Intake in Crohn's Disease Patients 


Males Females 
mg/day n - n ye 
9 0 0 0 0 0 
BO} -1 £9 0 0 5 21 
2. OF = 26,9 3 13 3 a3 
2.0 = 3%..9 3 26 7 63 
4.0) — 4.9 6 39 3 Us 
Bey = Tend 6 65 2 83 
Gi.) + 6.9 3 78 2 oF 
heen) 0 78 0 92 
8. Og189 3 91 i 96 
DO Ome dao 0 91 0 96 
1030 + 2 100 i 100 


1. Values were calculated as the means of 
two, consecutive 24-hour dietary recalls. 
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Appendix 12: 


Vitamin B6 Intaken 


l. 


Cumulative Percentage Distribution of 


in Crohn's Disease Patients 


Males Females 
mg/day n Z n V5 
0.0 = 0.49 0 0 3 13 
0.50 - 0.99 4 A? 8 46 
1.0 = £49 6 44 8 79 
Epos 1.99 7 74 i 83 
250 > 2°49 3 87 1 88 
2 Ey = 9 2 96 4 96 
3.0 + 1 100 1 100 


Values were calculated as the means of 


two, consecutive 24-hour dietary recalls. 
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Appendix 13: Cumulative Percentage Distribution of 


Vitamin Bl2 fitakes in Crohn's Disease Patients 


Males Females 
ug/day n % n ke 
< 1.0 0 0 1 4 
LO Ses 1 4 9 42 
PA ay eke, 3 26 2 50 
CO aoe hi 5 48 4 67 
4.0 = 429 5 70 I ip: 
DE te elon, 1 74 i ds 
GO =. 6.9 2 83 i ag 
teas 4 100 S 100 


1. Values were calculated as the means of 
two, consecutive 24-hour dietary recalls. 
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Appendix 14: Cumulative Percentage Distribution of 


V2 
Folate Intake ’” in Crohn's Disease Patients 


Males 
ug/day n i, 
G — 99 1 4 
TOO s— 9199 11 52 
200) —- 299 6 78 
300. — 399 5 100 


400 - 499 = > 


Females 
n h 
6 29 
10 67 
4 83 
Zs OZ 
2 100 


1. Values were calculated as the means of 
two, consecutive 24-hour dietary recalls. 
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Appendix 15: 


Vitamin D I 


L<Us/day 
0.5.49 
s0G—— 99 
100 - 149 
Pog o9 
200 - 249 
250 °— +299 
300 = 349 
B20 °=, 299 
400 - 449 
45042549 
550° + 


Cumulative Percentage Distribution of 


1b ey p F 
ntake in Crohn's Disease Patients 


Males 
n i 
2 9 
2 17 
4 38) 
2 44 
4 61 
1 65 
2 74 
0 74 
2 87 
Z 96 
ul 100 


Females 
n i 
6 20 
2 a3 
5 54 
5 Vt 
2 83 
1 87 
0 87 
3 100 


1. Values were calculated as the means of 
two, consecutive 24-hour dietary recalls. 
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Appendix 16: Cumulative Percentage Distribution of 


Serum Albumin in Crohn's Disease Patients 


Males Females 
g/dl n a n ys 
LASS sa PATS, 0 0 a 3 
3.0 0 0 0 13 
Sok 0 0 0 PS 
3.2 0 0 0 13 
3238 0 0 2 21 
3.4 . 5 2 29 
DeOe re seo 6 3) 5 50 
A.0%=F4.4 7 74 6 75 


4.5+ 5 100 6 100 
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Appendix 17: Cumulative Percentage Distribution of 


Total Lymphocyte Count in Crohn's Disease Patients 


Males Females 


3 * 9, * g 
thousand/mm n cumulative ~% n cumulative4Z 


< 1000 3 15 7. 32 
1000 =51199 2 25 0 32 
1200 =51499 5 50 b) 3 
1500 s4l799 2 60 2 64 
17.99 a1 999 1 65 1 68 
2000 - 2499 3 80 5 eae 
25007 2999 s 95 0 oi. 
3000; = 73499 0 95 0 on 


3500 7+ 1 100 Z 100 
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Appendix 18: Cumulative Percentage Distribution of 


Hemoglobin in Crohn's Disease Patients 
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Appendix 19: 


Cumulative Percentage Distribution of 


Hematocrit in Crohn's Disease Patients 
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Appendix 21: Cumulative Percentage Distribution of 


Serum Iron in Crohn's Disease Patients 
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Cumulative Percentage Distribution of 


Total Iron Binding Capacity in Crohn's Disease Patients 
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Appendix 23: Cumulative Percentage Distribution of 


Transferrin Saturation in Crohn's Disease Patients 
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Appendix 24: Cumulative Percentage Distribution of 


Serum Ferritin in Crohn's Disease Patients 
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Appendix 25: Cumulative Percentage Distribution of 


Serum Folate in Crohn's Disease Patients 
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Appendix 26: Cumulative Percentage Distribution of 


Serum Vitamin Bl2 in Crohn's Disease Patients 
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Appendix 27: Cumulative Percentage Distribution of 


Serum Calcium in Crohn's Disease Patients 
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Appendix 28: Cumulative Percentage Distribution of 


Serum Phosphorus in Crohn's Disease Patients 
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Appendix 29: Cumulative Percentage Distribution of 


Serum Vitamin D in Crohn's Disease Patients 


Males Females 
ng/dl1 n h n i 
< 10 2 20 t 11 
10 - 19 3 50 3} 44 
20 = 29 3 80 3 7a 
305-2359 1 90 2 100 
40 + 1 100 = | 


Appendix 30: Cumulative Percentage Distribution of 


Serum Carotene in Crohn's Disease Patients 
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Appendix 31: 


Cumulative Percentage Distribution of 


Alkaline Phosphatase in Crohn's Disease Patients 
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Appendix 32: Percent Distribution of Energy Intake as Protein, Fat, and 


Carbohydrate in Crohn's Disease Patients and Nutrition Canada 


Crohn's Disease Nutrition eaneda- 
Males Females Males Females 
(N = 23) (N = 23) 
Mean + SD Range Mean + SD Range Mean Mean 
Protein baict 3.6 (10-23) iat 4.6 (0-22) 15 16 
Fat 39 hel al (2%253)6 35 reb2a5 GO-—55) 43 41 


Carbohydrate 46 + 7.9 (36-62). 650 


|+ 
i 
1S] 
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(25-99) 42 43 


1. Prairie population, aged 20-39 years. 
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Appendix 33: Food Groups and Suberoupas 


Fats and oils (excluding bacon and salt pork) 
- Butter 
- Other fats and oils (lard, margarine, vegetable shortening, 
salad and cooking oils, salad dressings, suet, tartar sauce) 


Fruits and fruit products (excluding baby foods) 
- Citrus fruits (excluding juices) 
- Fruits other than citrus (excluding juices) 
- Fruit juices, ades, nectars 
- Fruit mixtures 


Grain and grain products 


Nuts, soybeans, and miscellaneous needs 
- Soybeans, and miscellaneous seeds and their products 
(excluding dried beans and peas) 
- Nuts (including peanuts and coconuts) 


Meat, poultry, fish and eggs (excluding soup and baby foods) 
- Beef 
Pronk 
- Veal 
- Lamb 
- Wild game (including domestic rabbit) 
- Eggs 
- Poultry (including wild fowl) 
- Fish (including frog legs, roe and caviar) 
Shellfish and turtles 
Miscellaneous (sausage, cold cuts, luncheon meats and animal 
organs ) 


Milk and milk products 
- Fluid and dried milk (including buttermilk, skim milk, whole 
and canned milk; milk drinks such as hot chocolate and cocoa; 
whey and yoghurt) 
- Cream, half and half, and milk desserts such as custard, ice 
cream, ice milk, sherbert 
- Cheese and cheese products 


Sugars and sweets 
- Sugars, cake icings, cake icing mixes 
- Syrups, honey, molasses 
- Jellies, jams 
- Candies 
- Chocolate, chocolate syrup, dry cocoa, gelatin dessert powders 


Vegetables (including dried beans, lentils and peas, but excluding 
soups and baby foods) 


188 


| i, my 
1uttt the eae beot :fC mi ineggan- 4 a aa 
a 

‘ ; 7 — a Pe. 
’ - _ 

ee ant fosed antbyloxa} aito er - 
se7mva -— 

gn yegtem ,Bc08L) 2el.o ban S282 taho = 
4, @M aed is he wy ow € i Lc gai Xqod bore balea - _ 


ne : 


4 


. ' \, 

4 : Pei 7 

hoot oth Getiedyxe) 22>nbotg JinT2 Snes eslutt a8 
(ome rel anhhu ling) sins? awtrld -_ 

(soplol gatiwitae) avtsts coeds fede alive So 


etalon .22ln coastal. iiust = 
~ ewwivik cla Jtutt = > 
asrubesg - | Shere: bow nie a «fk 
% ‘=e 
“shaet egositsiierete bas ,emssdyou. ave ui 
7° 224 re s0426 Wa very 8 ie’ ymethed'4 st = & 
(a } ~ ‘belrs gattodaee) 
bs tienes Ube aiymaag gothulagh> evur 
,) 7 SS abe 
16a 6 DPE roe sctoulone) sage. bos dati eeiivog: ta - 
iscsi - 
; f ‘ axot = 
» fesV - 


f ’ z. | dict - 

(oTddax MUaeeeeb gebbetont Sl aesg S120 = 

a 2ag% — 

(4ac4 bite gqadtadodt) ¢Tzluot - 

(rervao ben @%: .egek gow? pny ter dart = : 
an = loos bas Fat td Iod 

lord ,aote AidP~, og herge) eifon comeiienghit = 

a ae 5 a (omeae 4 Lae 

; aa, : - - . 

| <sdpeedel Rts bas 

ml ihe corse d gpitwiont) dite ‘paise an 

leseds 268 * faba. ef 2% sfarraay wie bonuntt aS 


e dave ao 9aReh tie hk St ; 
ssedteds a i 


eaaube 5 sa 


9. Mixed dishes 
- Baby foods 
- Soups 
_ — Mixtures of major food groups 
- Miscellaneous items not classified elsewhere (baking powder, 
bouillon cubes, carob flour, chewing gum, condiments, plain 


gelatin, water ices, pudding mixes and puddings, seaweeds and 
yeast) 


10. Soft drinks 


1. Food groups and subgroups used to prepare the Nutrition Canada food 


consumption patterns report. Department of National Health and 
Welfare, 1977. 


189 


me 7 
- pooner 


abo 00% ydall 
eco 
dmrera boot tole Je estuaxin ~~ 
(ifheanls on cust! even ilteont# =" 
ee , Welt does , eed U9 nolitivd _ 
in ge) | nok tate’, niveleg 
. o 2 e tfemay -” 


S7478e0 GI weru «& wes nad dy je bas aquerg b be i ae 7“ 
wweWeg@) . Fi0qs: iEsseg peltqupss 
VRS (3782. 0 
- 
oe os 
nt 
- 


7 


a 
~~» 

7 
e 
1 
a: 


Appendix 34: Methodology for Laboratory Tests 


Hemoglobin, Hematocrit, Lymphocytes: 


- Dacie, J.V. and S.M. Lewis. Practical Hematology, 5th edition, 


LO D\ 
Serum Ferritin 


- Miles, L.E.M., D.A. Lipschitz, C.P. Zieber, and J.D. Cook. 
Biochem. 61: 209-224, 1974. 


Serum Folate 


= Longs,yD.L.},.and-VsoHerbert. J. Labe)Clins Med.) 87:) 138-151, 


1976. 
Serum Vitamin Bio 
=sfibbling, G. Cline Chim. Acta 23; 209-216, 1969. 
Serum Calcium 
- Technicon Method #SF4-0003 FES. 


Serum Phosphorus 


- Fiske, C.H. and Y. Subbarow. J. Biol. Chem. 66: 375, 1925. 
- Technicon N-Methodology, file N-46. 


Serum Vitamin D 


— Pettifor, G.M., F.P. Ross, and J. Wang. Clin. Sci. Mol. Med. 51: 


605, 1976. 

- R. Bouillon. J. Clin. Endocr. Metab. 41: 1130, 1975. 

- P.B. Greenberg et al. Clin. Sci. Mol. Med. 46: 143, 1974. 

=micGeanaddadvel ale va-elap- Clin. Med.381: 22, 1973. 

— R.E. Belsey et al. J. Clin. Endocr. Metab. 38, #6, 1974. 

= Hacsard, J.G., K.J. Chyu. J. Clin. Endocr. Metab. 33: 992, 
1971. 

=eGunrdelstein ct al.) Cline Sci. Mol. Med. 46: 231, 1974. 

- Eisman, J.-A. Arch. Biochem. Biophys. 176: 235, 1976. 


- MacIntyre et al. Vitamin D assay protocol.- Hammersmith, London, 


England. 
Serum Carotene 
- J. Wenger. Am. J. Med. 22: 373, 1957. 
Alkaline Phosphatase 


- Technicon Method #SF4-0006 FG5 
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Serum Albumin 


- Technicon Method #SF4-0030 FE5 


Schillings Test 


- Dacie, J.V. and S.M. Lewis. "Practical Hematology’. 
Churchill-Livingston, Edinburgh, pp. 487-488, 1975. 


Serum Iron and Total Iron Binding Capacity 


- Giovaniello, DiBenedetto, Palmer and Peters. Automation in 
Analytical Chemistry. Technicon Symposia, Vol. 1, pp. 185-188, 
1967. 


- Stookey, L.L. Ferrozine - A New Spectrophotometric Reagent for 
ron. Anal. Chem. 42: 779-7861," 1970; 
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Appendix 35: Comparison of Mean Nutrient Intake in Crohn's Disease 


Patients: Steroid and Non Steroid Groups 


Males Females 
Steroid Non Steroid Steroid Non Steroid 
(n = 15) (n = 8) (my 15) (n = 8) 
Energy (Kcal) Pa Cod g 2861 2011 1619 
Protein (g) pH at 102 70 64 
Vitamin D (I1.U.) 276 22S for 147 
Calcium (mg) 1095 910 700 756 


1. Values were calculated as the means of two, 24-hour dietary recalls. 
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